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Abstract

Livestock and poultry wastes could produce significant amounts of biomass
energy if conventional energy prices continue to rise. This study estimates
the economically recoverable energy available through anaerobic digestion
or direct burning of animal wastes in the South for the base year 1980 with
projections for 1985 and 1990. Potential thermal energy from livestock and
poultry wastes in 1990 could total more than 79.5 trillion Btu, or about 30
percent of the energy from such sources nationwide. The total potential
farm value of biomass energy from livestock and poultry enterprises in the
South could range from $344 million to $1.08 billion in 1990 depending upon
the types of conventional energy displaced. Energy products from these

. wastes attained their highest value when substituted for LP gas.
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Preface

This report is part of a broader study undertaken by the Economic
Research Service and several universities to assess the biomass energy
potential from U.S. agricultural and food sectors. The study identifies possi-
ble sources of biomass energy on a regional and State level as background
information for legislation or policy changes aimed at using some of this
energy in the event of an oil shortage or energy crisis. Certain forms of
biomass energy will be more feasible than others from a technical or
economic standpoint, but it may still be necessary to subsidize farmers or
other enterprises in order to provide an incentive for them to invest in
technology to use this potential energy. This study was funded in part by
the Energy Security Act of 1980.

Units of Measure

Btu = British thermal unit

MMBtu = Million British thermal units

MMecf = Million cubic feet

kWh = kilowatthour

gWh = gigawatthour = 1 million kilowatthours = 3.4153 billion Btu
Quad = 1015 = 1 quadrillion Btu
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Summary

Livestock and poultry wastes could become a $1.08-
billion energy source for farms in 12 Southern
States by 1990 if conventional energy prices con-
tinue to increase, according to this study of biomass
energy conversion. Energy from this region repre-
sents 31 percent of the total potential value of bio-
mass-based energy recoverable from livestock and
poultry manure in the United States in 1990. Bio-

mass refers to organic matter directly burned or an-

aerobically converted to methane gas to produce
thermal or electrical energy.

More than 79.5 trillion Btu (British thermal units) of
energy could be economically recovered from ma-
nure and litter in 1990, enough energy to heat hot
water for 1.6 million homes for 1 year. Most live-
stock and poultry manure in the South is now spread
on land as a fertilizer supplement, the value of
which in 1990 would total only about $400 million,
considerably less than half its potential value as a
biomass energy source.

“Economically recoverable energy” from anaerobic
digestion, as assessed in this study, comes from
dairy herds of 30 cows or more, hog farms with
sales of 500 head or more per year, grain-fed cattle
on farms with sales of 1,000 head or more annually,
and poultry farms with flocks of 20,000 hens or
more. These farms could produce more than 20 bil-
lion cubic feet of methane gas in 1990, valued at
$291 million if substituted for LP gas.

Thermal energy from direct burning of poultry lit-
ter wastes is derived from broiler farms with sales
of 60,000 birds or more annually, turkey farms with
yearly sales of 30,000 birds or more, and pullet
growing farms with annual sales of 30,000 birds or
more. Energy from these sources could be worth al-
most $789 million in 1990 if that energy were sub-
stituted for LP gas.

iv

Energy from the methane gas or direct burning will
have the highest value uses identified in the study
wher substituted for LP gas, and their combined
values could reach $1.08 billion.

Study estimates were based on 1980 levels of ma-
nure residues on farms which could economieally in-
stall conversion processes such as anaerobic diges-
tion to produce methane or direct burning. Anaero-
bic digestion involves production of methane gas
from bacterial decomposition of organic matter in
an airless chamber. Projections of energy amounts
and values to 1985 and 1990 were adjusted for
handling and conversion losses.

Some farms with anaerobic digesters could use
methane to produce electricity. Others, directly
burning poultry wastes, could substitute these
wastes for low-priced softwood shavings. Such uses,
considered the least valuable energy options by the
study, would be valued at only $344 million in 1990,
significantly less than the manure’s value as a fert-
ilizer supplement. Manure used as a feed supple-
ment, now possible through modern feeding techno-

logy, would be worth much more than its fertilizer

value but less than its highest valued energy use.

The major livestock and poultry producing States in
the region are Arkansas, Georgia, North Carolina,
and Alabama which account for about 64 percent of
the thermal energy potential of the South. Broilers
have 55.4 percent of the total energy potential, fol-
lowed by dairy cows, 13.8 percent; laying hens, 10.4
percent; turkeys, 9.4 percent; hogs, 6.7 percent; pul-
lets, 3.0 percent; and fed beef, 1.3 percent. Florida,
South Carolina, Louisiana, Mississip; ., Kentucky,
Tennessee, Virginia, and West Virginia were the
other States included in this study.



Energy Potential from Livestock
and Poultry Wastes in the South

Harold B. Jones, Jr., and E. A. Ogden*

Introduction

Biomass energy derived from organic matter is a
major alternative energy source. Annual potential
for biomass energy in the United States could
range from 7 to 16 quadrillion Btu (quads) by the
year 2000 [32].! This amount of energy is equivalent
to about 9 to 20 percent of the estimated total U.S.
energy consuamption of 78 quads in 1980.

Wood is by far the largest single source of bio-
mass energy, expected to provide 5 to 10 quads by
the year 2000 (table 1). Forage crops and municipal
solid wastes are next in importance with energy po-
tentials ranging from 1 to 5 quads annually. Grains,
crop residues, food processing wastes, and animal
wastes will each contribute 1 quad or less to the
energy potential in the year 2000.

About 0.27 quad of energy could be produced an-
nually in the United States if all animal manure in
confined livestock operations were converted to
fuels by anaerobic digestion [25]. However, about 15
percent of this output would be needed to operate
the digester systems, leaving a net output of 0.23
quad. The Southern States considered in this report
could produce 0.079 quad of energy from anaerobic-
ally digested or burned poultry wastes at economic
levels by 1990. Direct combustion rather than an-
aerobic digestion may be the most effective use for
poultry wastes with large amounts of litter. Energy
potential from livestock and poultry wastes will

*Harold B. Jones, Jr. is an Agricultural Economist with the
Animal Products Branch, National Economies Division, Economic
Research Service, USDA, and Adjunct Research Associate at the
University of Georgia; E. A. Ogden is Research Technician,
Department of Agricultural Economics, University of Georgia,
Athens, Ga. 30602.

!Ttalicized numbers in brackets refer to sources in Reference
section.

vary greatly by State and region, dependii)g upon
the nature and size of enterprises and manure-
handling practices.

This study focuses on the economic potential for us-
ing farm wastes for biomass energy in 12 Southern
States. Feasibility of converting such waste prod-
ucts into various fuels varies considerably by region
depending upon the types and location of agricultur-
al enterprises and the availability of alternative
fuels.

Objectives

Objectives of the project were to: (1) determine the
quantity and location of agricultural and food-re-

lated biomass that can be converted to energy fuels
for individual States and regions; (2) estimate costs
of collecting and converting biomass feedstocks and
agricultural wastes into energy; (8) assess potential

Table 1—Potential sources of biomass energ'y' in the
United States by year 2000 -

Source OTA [25] DOE [42] Purdue [34] ‘Purdue [33]

Quadrillion Btu

0.25 0.6-0.8
2 — .6-.9
0

Crop residues
Wood
Forage crops

Grains 0.
5

- 1.0-2.3

Food wastes A <. —
Animal wastes .1-.3 — —
Municipal solid

wastes — A — 2-.

Total — —_ — 7.0-16

— = Data not reported.
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economic, institutional, or environmental limitations
for producing biomass fuels; and (4) determine rela-
tive use values and competitive positions of energy
fuels from biomass energy sources.

This report focuses on one phase of the project: the
potential for biomass energy from livestock and
poultry wastes in the Southern United States.
Three farm production subregions are considered:
the Southeast, the Delta States, and the Appala-
chian region (fig. 1). Biomass energy estimates are
presented for individual States, the subregions, and
the region. Biomass energy potentials for other re-
gions will be covered in separate reports.

Procedure

This study uses the following procedure:

(1) The quantity, location, and availability of animal
and poultry manure were estimated by State for
the base year 1980, 1985, and 1990 by compiling
and projecting animal number trends and then
applying manure output ratios to these numbers
to get dry weight estimates of wastes available
for energy use.

Figure 1

(2) These manure volumes were then converted to
gross energy potentials based on technical con-
version rates for methane gas production or
direct-burning processes.

(3) An evaluation of previous studies on costs and
economies of scale in methane generation and
direct burning was undertaken to establish mini-
mum-size livestock and poultry enterprises feasi-
ble for onsite energy conversion processes.

(4) Animal numbers and manure volume estimates
were then adjusted to include only output from
minimum-size farms or larger.

(5) These volumes were then converted to econom-
ically recoverable energy potentials after al-
lowing for handling losses and conversion effi-
ciency in the methane generation or direct-burn-
ing processes; electrical energy production po-
tential was also included where appropriate.

(6) Energy values from biomass conversion of
wastes were estimated based on conventional
fuel prices and these values were then compared
with alternative use values as fertilizer and
animal feed, providing a rough estimate of the
relative competitive position of biomass energy
from the farmers’ standpoint.

Farm Production Regions

Northeast
Lake States
Northern
. Plains

R Regions included in study

Southern
Plains
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Trends and Location of Livestock and
Poultry Production

Potential for biomass energy from livestock and
poultry wastes depends greatly on size and location
of farm enterprises, number of confined animals,
and availability of manure residues for conversion
to energy. Quantity and availability of residues also
vary by type of livestock and farm operating prac-
tices. This section of the report describes trends
and location of livestock and poultry in the South
with projections to 1985 and 1990.

Dairy Cows

Dairy farm numbers in the United States have
declined rapidly since the early fifties. Dairy cow
numbers dropped from 17.5 million in 1960 to 10.8
million in 1980. Commercial-size farms with annual
sales of $2,500 or more declined from 602,000 in
1950 to 205,000 farms in 1979 [12]. The average herd
size more than doubled during this period, however,
to about 53 cows per farm. U.S. milk production de-
clined only slightly, due to greater productivity per
cow. Regional shares of milk production remained
about the same between 1960 and 1974, except for
the Corn Belt, which showed a decrease in produc-
tion (from 18 to 14 percent of the U.S. total), and
the Southwest, which increased production from 8
to 11 percent of the U.S. total. Most of the regional
shifts in production are attributed to population in-
creases and changes in comparative advantage or
relative costs of production. Some large-scale drylot
operations with herds of 2,000 to 10,000 cows have
also been established in California, Arizona, and
Florida. The trend toward large herds is expected
to continue.

Dairy cow numbers in the Southeast, Delta, and Ap-
palachian regions declined faster than the U.S. rate
in the last two decades [37]. Their share of U.S. pro-
duction dropped from 19.4 percent in 1960 to 14 per-
cent in 1980-81. However, the downtrend seems to
be leveling off; projected decreases in dairy cow
numbers are likely to be close to the U.S. average
in the eighties. The annual decline in U.S. cow
numbers is expected to be about 1 percent or less
in the eighties [3], resulting in an 8-percent decline
by 1990. Most States in the South will show small
declines in cow numbers, but some will probably

maintain herds at current levels. Southern cow
numbers are projected to drop 5 percent between
1980 and 1990 (see table 3).

Dairy cows in the South are most numerous in
Kentucky, Tennessee, Florida, and Virginia [37].
However, cows are generally widespread through-
out the region with concentrations in northwestern
Louisiana, north-central Georgia, central Florida,
and the eastern border of Tennessee [39]. Farms
with herds of 100 cows of more show a similar geo-
graphic pattern. Herd sizes within the region are
generally similar to the U.S. average, with 84 per-
cent of the cows found in herds of 30 cows or more
[89]. Larger herds are more common in Louisiana,
Florida, Georgia, and South Carolina, however, with
93 percent or more of the cows in these States in
herds of 30 cows or more. The most common herd
sizes in most States range from 50 to 200 head with
nearly half of the dairy cows in the region in this
category.

Hogs and Pigs

The number of U.S. hog producers declined rapidly
from 1.4 million in 1954 to 400,000 in 1979 [44]. This
decline can be attributed to improved technology
and a decrease in small farm-based enterprises. Hog
production has become a more intensive, highly spe-
cialized enterprise with many large-scale production
units. The number of hogs produced, however, has re-
mained about the same over the years given the nor-
mal cyclical trends [37]. Hog production peaked in
1970 and again in 1979 at just over 100 million head.
Pork production could increase 38 percent between
1980 and 2000 given a 20-percent growth in U.S.
population [18]. Other estimates are somewhat
lower [44). With a trend toward heavier hogs, the
number of hogs produced will not increase at the
same rate as pork production. Farrowings would
have to increase from 13.5 million in 1980 to 14.4
million in 1990 to provide 65 pounds of pork per
person, given the expected level of population
growth [7). This would mean a 6.7-percent increase

in the number of hogs by 1990.

Hog production has been concentrated in the Corn
Belt, with 66 percent of total U.S. production occur-
ring there in 1975 [44]. Other regions have shown
little change in share of production except for the
Northern Plains, which increased slightly from 10.4
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to 12.8 percent of the U.S. total between 1950 and
1975. The South also increased its share of produc-
tion slightly from 16.9 percent in 1960 to 17.5 per-
cent in 1980 [37]. This trend is expected to continue
with increases in hog numbers in the South pro-
jected to be somewhat greater than the U.S. aver-
age between 1980 and 1990 (see table 4). The largest
increases are projected for Arkansas, Virginia,
North Carolina, and Georgia, all of which have in-
creased production steadily in the last two decades.
Breeder hogs are expected to increase at a some-
what slower rate than market hogs between 1980
and 1990 due to expected increases in productivity
per sow.

Southern hog production is greatest in North Car-
olina and Georgia, although Kentucky and Ten-
nessee also produce a large number. The greatest
concentration of farms in the South is along the
coastal sections of the Southeast, ranging from
Virginia and North Carolina to southern Georgia
and Alabama [39]. The majority of southern farms
are small, but there are a number of large farms
also, particularly in North Carolina and Georgia.
Larger farms with annual sales of 500 hogs or more
account for 50 percent of the production in the re-
gion, which is similar to the U.S. average (55 per-
cent) [39]. States with a high proportion of hogs pro-
duced on large farms are North Carolina, Arkansas,
Virginia, Georgia, and South Carolina, all of which
produce more than 50 percent of their output from
farms with 500 hogs or more.

Cattle on Feed

U.S. production of beef cattle has changed sub-
stantially in the last 30 years. Large increases in
cattle feeding operations and development of large
commercial feedlots have altered the structure of
the industry and influenced traditional cattle pro-
duction cycles [21]. Total cattle numbers peaked at
132 million head in 1975 and dropped to a low of
110.9 million in 1979 [37]. However, the number of
cattle and calves on feed as of January 1 shows a
different pattern. Their numbers increased from 7.6
million in 1960 to a high of 14.4 million in 1973
before declining somewhat in the late seventies [37].
There were 11.6 million cattle and calves on feed in
1981. Cattle on feed as a percentage of total cattle
numbers have ranged between 8 and 12 percent;

they were about 11 percent in 1980. Total cattle
numbers are expected to peak again at 122 to 124
million head in the 1986 to 1988 period [38]. The
number of cattle on feed will likely reach 13.8 mil-
lion head by 1990, reflecting a 12-percent increase
over 1980 production.

Cattle feeding operations are of two basic types:
the traditional farmer feedlot and the large com-
mercial feedlot. Large commerecial feedlots with a
capacity of 1,000 head or more have expanded ra-
pidly in the last two decades [21]. This trend will
likely continue due to the specialized nature of
large feedlots and the economies of scale inherent
in such operations.

The increase in feeding associated with large feed-
lots has altered regional locational patterns, with
nearly all of the growth since 1955 occurring in the
Southern Plains [21]. Corn Belt States have steadily
lost their share of production in cattle feeding oper-
ations, declining from 40 percent of the U.S. total in
the fifties to about 20 percent in the late seventies.
The Southern Plains accounted for 44 percent of all
fed cattle marketed in 1979 compared with 20 per-
cent for the Corn Belt States. The Southeastern,
Delta, and Appalachian States, in contrast to the
Southern Plains region, account for less than 3 per-
cent of cattle and calves on feed in the United
States (see table 5). These States have shown very
little change in cattle numbers on feed since the six-
ties. This situation is likely to remain the same in
the eighties with the Southeastern, Delta, and Ap-
palachian States’ share of U.S. production continu-
ing to be very small.

Southeastern cattle feeding operations are general-
ly very small and the number of large commercial
feedlots has recently declined. In 1978, there were
56 large feedlots selling 1,000 cattle or more annual-
ly which accounted for 28 percent of the total fed cat-
tle sold in the region [39]. Most of these large feed-
lots were in Florida and Georgia, although there
were a few large feeders scattered throughout the
region. Smaller feeding operations with fewer than
1,000 cattle were most numerous; they accounted
for 72 percent of the fed cattle sold in the region.
This region is not likely to become a major cattle
feeding area in the eighties.
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Laying Hens

The number of egg producers in the United States
has declined rapidly since the early sixties. The
number of farms with hens and pullets of laying age
dropped from 1.15 million in 1964 to 308,852 in 1978
[89]. Commerecial-size flocks of 20,000 hens or more
increased substantially, however, and now account
for 72 percent of total production. The number of
laying hens declined moderately from 295 million in
1960 to 288 million in 1980 [37], but total egg pro-
duction continued to increase due to improved pro-
ductivity per layer. Increases in egg production in
the eighties are likely to be moderate with per cap-
ita consumption remaining stable or perhaps increas-
ing only slightly [27]. Growth in consumption will be
influenced mainly by population growth. Due to con-
tinued improvements in productivity of layers, the
number of hens will probably continue to decline,
but at a slower rate than in previous years.

Laying hen numbers in the South increased rapidly
between the early fifties and the seventies, reflect-
ing the substantial shift in egg production from the
Midwest to the South [27]. In 1980, the South ac-
counted for 37 percent of U.S. laying hens, up from
23 percent in 1960. However, hen numbers in the re-
gion increased the most in the Southeast and Delta
States, whereas they showed a consistent and sub-
stantial decline in the Appalachian region (except
for North Carolina) [37)]. Increases in the number of
hens in most Southern States have stabilized since
the early seventies, however. Only a 3-percent in-
crease in hen numbers is projected for the eighties
(see table 6).

Laying hens in the South are most numerous in
Georgia and Arkansas, followed by Alabama, North
Carolina, and Florida [87]. These States account for
75 percent of the hens in the South. The southern
egg industry is characterized by high density pro-
duction centers in most States, with large special-
ized production facilities. Average-size farms have
increased greatly in recent years with a substantial
number of eggs produced under contract. Flock sizes
are generally similar to the U.S. average, with 67
percent of birds in flocks of 20,000 layers or more
[87]. Large flocks predominate in all States except
West Virginia. The most common flock size in most
States ranges from 10,000 to 50,000 birds, but there

are still a substantial number of farms in the region
with flocks of fewer than 10,000 hens.

Broilers

U.S. broiler production expanded rapidly from 789
million birds in 1951 to 4.15 billion in 1981 [37]. The
industry has become highly specialized with almost
all of the production from vertically integrated
firms contracting with growers. The number of
growers increased very little, with 34,474 farms
raising broilers in 1978 compared to 33,753 in 1969
[39]. The average-size broiler farm increased sub-
stantially during this period, however, with nearly
95 percent of the broilers in 1978 raised on farms
with annual sales of 60,000 birds or more. Broiler
production is expected to continue to increase in
the eighties at about the same rate as in the seven-
ties due to increased demand for poultry meat from
a growing population and improved technology mak-
ing the industry more competitive [18, 27]. Pro-
jected levels of production may approach 5.3 billion
birds by 1990.

Broiler production has been concentrated in the
South Atlantic and South Central regions which ac-
counted for 89 percent of U.S. output throughout
the seventies [15]. The Southeast, Delta, and Ap-
palachian States accounted for 72 percent of broiler
production in 1981 [37]. Production in the South has
increased substantially over the years from 1.13 bil-
lion birds in 1960 to 3 billion birds in 1981. The
region’s share of production has also continued to
increase since the early fifties. Qutput of broilers is
likely to continue to increase in these States at
about the same rate as in the seventies. By 1990,
production in the region could approach 3.8 billion
birds (see table 7).

Southern broiler production is most concentrated in
Arkansas, Georgia, Alabama, and North Carolina,
but large production centers are also located in
Mississippi and Virginia and certain sections of
other States [39]. Increased levels of production are
expected to continue in all States except Kentucky.
Production facilities in the region are highly spe-
cialized and flock sizes are expected to increase as
growers continue to expand and upgrade buildings
and equipment. Farm sizes are almost identical to
the U.S. average, with 95 percent of the broilers
produced on farms with annual sales of 60,000 birds
or more [39]. Farms with sales of 100,000 broilers or
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more accounted for 80 percent of production within
the region in 1978. Kentucky and Tennessee are the
only States in the region with relatively small
farms.

Turkeys

U.S. turkey production grew rapidly from 60 million
birds in 1953 to 170 million in 1981 [37]. The in-
dustry has changed greatly, with fewer small farm
flocks and an inereasing number of large-scale, ver-
tically integrated operations contracting with grow-
ers [27]. Seasonality of production has declined and
there has been a trend toward more confinement
rearing. These changes have resulted in a substan-
tial decline in number of farms producing turkeys
and an increase in flock sizes. Commercial-size
farms with annual sales of 30,000 turkeys or more
accounted for 87 percent of U.S. production in 1978
[89]. Turkey production is expected to continue to
increase in the eighties at a rate similar to the sev-
enties due to increasing demand for turkey products,
a growing population, and improved efficiency in
production [27]. The number of birds produced could
approach 234 million by 1990.

Turkey production has been heavily concentrated in
the Midwest, but this region’s share of production
has slowly declined since the late fifties [15]. In
1980, the Midwest accounted for 38 percent of U.S.
turkey production, compared with 50 percent in
1959. Turkey production grew most rapidly in the
South during this period, with most of the increase
occurring in the South Atlantic region. The South-
east, Delta, and Appalachian States increased pro-
duction over fivefold between 1960 and 1981. These
States now account for 35 percent of U.S. turkey
production. Output of turkeys in the South will like-
ly continue to increase at about the same rate as
the U.S. average in the eighties. By 1990, regional
production could surpass 84 million birds (see table
8).

Southern turkey production is greatest in North
Carolina, Arkansas, and Virginia, three of the lead-
ing turkey producing States in the country [37].
These States produced 87 percent of the turkeys in
the South in 1981 and 30 percent of U.S. production.
Expansion of turkey production is expected to con-
tinue at a rapid rate in these States. Some other
States in the region, notably Georgia, South Caro-

lina, and West Virginia, have smaller numbers of
turkeys, but they are also expanding rapidly. Tur-
key production is a concentrated industry located
in high-density production areas within each State.
There are few or no turkeys grown in Alabama, Flor-
ida, Louisiana, Mississippi, Kentucky, and Tennes-
see. Flock sizes are similar to the U.S. average with
most of the turkeys produced on farms with annual
sales of 30,000 birds or more [39].

Pullets

Pullet production is closely related to the number
of laying hens on farms since pullets are primarily
grown as replacements for egg producers. The
number of hens and pullets of laying age in the
United States has declined moderately since the
sixties, and pullets of nonlaying age have also
declined [37]. Decreases in pullet production have
been somewhat greater than decreases in number
of laying hens, however, due to the improved per-
formance of layers and the rapid development of
forced-molting practices. The ratio of nonlaying
pullets to laying hens declined from 33.1 in 1970 to
31.8 in 1980. Further declines in pullet production
are likely to be moderate, depending upon forced-
molting practices. The number of nonlaying pullets
on hand December 1 in the United States could ap-
proach 92 million birds by 1990 (173 million birds
for the year).

Southern pullet production increased greatly since
the early sixties, but there has been a gradual de-
cline in numbers produced since 1970. This decline
has not been as rapid as in the United States as a
whole, however. Production of pullets in the South
is expected to remain relatively stable throughout
the eighties and could be about 44 million birds in
1990 based on December 1 inventories (83 million
birds total for the year).

Southern pullet production is most important in
Arkansas, Georgia, Alabama, North Carolina, and
Florida [37] (see table 9). These five States account
for 77 percent of the birds in the region, which
closely parallels laying hen production patterns.
Very few birds are produced in Kentucky, West
Virginia, and Louisiana. Production centers in most
States are similar to those for laying hens, reflec-
ting high-density, specialized production facilities.
Average flock sizes have increased greatly in re-
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cent years, with 73 percent of the pullets produced
on farms with annual sales of 30,000 birds or more
[89]. Flock sizes are generally large in all States ex-
cept West Virginia, although there are still many
producers with sales of 8,000 to 30,000 birds.

Gross Potential Energy Content of Manure
and Litter

Organic matter can be converted to various forms
of energy by a number of technical processes,
depending upon the raw material characteristics
and the type of energy desired. These processes in-
clude: (1) direct combustion of certain products such
as wood, (2) thermochemical conversion of materials
to liquid fuels such as wood alcohol, (3) thermochem-
ical gasification for production of synthetic gas from
wood or agricultural residues, (4) production of eth-
anol by fermentation, and (5) production of methane
gas by anaerobic digestion [41]. The technical and
economic feasibility of these processes is highly
variable, and not all of them have proven to be
financially sound or commercially available.

Anaerobic digestion is probably the most feasible
process for converting manure feedstocks into ener-
gy [25]. Manure is generally suitable for the diges-
tive process, and many livestock and poultry en-
terprises with confined housing and feeding sys-
tems can provide the manure volume needed to
make anaerobic digestion possible. Anaerobic diges-
tion is also well developed from a technical stand-
point and commercial-scale operations are available
for larger operations. Poultry operations with large
quantities of litter are not as suitable for anaerobic
digestion, however, due to the lignin-cellulose con-
tent of the waste affecting the efficiency of the
digestive process. Direct combustion is probably the
most feasible process for converting litter-based
manure into energy.

Anaerobic Digestion Process

Anaerobic digestion is a relatively efficient conver-
sion process producing medium-Btu gas from bio-
chemical processes [41]. A natural decomposition
process used successfully for many years in the treat-
ment of organic wastes, anaerobic digestion involves
production of methane gas from the bacterial decom-
position of organic matter in a chamber devoid of
air. Used extensively in India and China for gener-

ating biogas from animal and human wastes, anaero-
bic digestion in the United States has been used to
treat municipal wastewater. With recently rising
conventional energy prices, anaerobic digestion has
been used more frequently on farms to produce bio-
gas from manure.

Anaerobic digestion involves the care and feeding
of methanogenic, anaerobic microorganisms in a con-
trolled environment. Large airtight vessels called
digesters are fed a slurry of animal wastes of cer-
tain consistency at specific time intervals. They are
then held at a certain temperature for specified
time periods. The nature and composition of the
wastes determine the loading rate, temperature,
and retention time of the system. Most systems are
site-specific with these variables being determined
for each operation. The microorganisms digest the
wastes, producing a mixture of methane, carbon di-
oxide, and other trace gases. The process is appli-
cable to livestock operations with sufficient volume
to supply minimum amounts of manure required for a
given size system. There are some commercially de-
signed systems available, but they are primarily for
large-scale operations [13, 25]. However, it is possi-
ble to design custom systems for smaller farm oper-
ations; these are being developed experimentally at
various universities and also commercially [11, 14].

Anaerobic digestion produces a collectable biogas
with an average methane content of 60 percent plus
a digested sludge which can be used as a soil fer-
tilizer or livestock feed ingredient. Because of pre-
treatment procedures required for the manure, a
mechanical waste management system is necessary
to feed the digester and handle its byproduects.
Therefore, farms with organized manure handling
systems, such as liquid slurries, are more adaptable
for anaerobic digestion. The methane produced by
the system could be used as a heating fuel for boil-
ers or substituted for natural gas, fuel oil, or LP
gas (liquid petroleum gas) on the farm. In larger op-
erations, the gas could be scrubbed to remove im-
purities and compressed for sale as synthetic nat-
ural gas to pipeline companies. The gas could also
be used to power engines to generate electricity for
onfarm operations or perhaps sold to electric util-
ities. Methane gas is generally not practical as a
mobile fuel due to the pressure needed to keep it in
liquid form. Due to the high cost of compression,
methane is very expensive to store.
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Capital investment required for an anaerobic digest-
er is relatively low compared to other forms of bio-
mass energy conversion [41], but these costs can be
relatively high for individual farms depending upon
the size of the system and the nature of the manure
handling process. Large-scale, commercially built di-
gesters, such as those used by large cattle feeding
operations of 10,000 head or more, could cost $1- to
$2 million or more [13, 41]. Smaller farm digesters
could be built for less than $100,000, depending
upon size and type of system. Some very small di-
gesters have been built for less than $50,000; they
may be suitable for small dairy, swine, or poultry
farms [11, 14]. Capital costs are highly variable,
however, depending upon system design factors and
availability of farm labor for construction. Anaer-
obic digesters can also be technologically cumber-
some for some farmers to operate on a part-time basis,
especially if they lack experience in this type of
process.

Direct Combustion Process

Direct combustion of litter-based poultry manure
will probably be more advantageous than anaerobic
digestion due to lower capital investment costs and
the irregular supplies of litter available from poul-
try houses cleaned out only once or twice a year.
Methane gas could be produced in quantity from lit-
ter, but the economics of the conversion process is
only marginal at best [30]. Also, the even flow of
energy from anaerobic digester systems does not fit
the specific energy needs of poultry growers where
the brooding process requires extensive heat pri-
marily during the first 2 weeks of the growing
stage. The direct combustion process is also more
flexible in terms of feedstock storage possibilities
and for meeting seasonal or cyclical burning needs
for functions other than brooding.

Direct combustion of poultry litter is similar to burn-
ing wood chips or other wood residues. The moisture
content of litter ranges from 25 to 35 percent. Lit-
ter could be burned directly or transformed into pel-
lets for easier storage and handling and more effi-
cient burning [25, 30]. Energy values from burning
litter are relatively high and capital investment
costs for furnace or boiler facilities are relatively
low for small operations. Small wood-fired, warm air
heating systems for broiler houses can be constructed
for less than $18,000 and possibly as low as $8,800

depending on the type of system needed [24].
However, larger steam boilers using wood fuels
would cost $500,000 or more depending upon the
size and type of boiler system required [43]. Wood
burning systems, however, have lower capital in-
vestment costs per Btu than anaerobic digestion
systems even though operating costs may be some-
what higher.

Gross Energy Potential for the South

The gross energy potential from livestock and poul-
try wastes in the South was based on manure out-
put from all animals and birds on farms for the base
year 1980 with projections for 1985 and 1990.
Estimates of manure produced were based on ma-
nure residue rates for each species on a dry weight
basis (table 2). These rates vary greatly by species,
but they are related to the feed input of the animal.
The volume of manure produced by the various spe-
cies was then converted to the maximum possible
potential energy based on theoretical benchmark
coefficients for either anaerobic digestion or direct
combustion [14]. Electrical energy potential was also
calculated for wastes from those species with ma-
nure treatable by anaerobic digestion.

Dairy Cows. Dairy cows produce an average of 1.95
tons of manure per cow annually which could result
in a total manure volume of 2.82 million tons for the
South in 1990 (table 3). The theoretical maximum
biogas production potential from anaerobic diges-
tion of this manure without losses would be 10.6
cubic feet per pound of dry weight or 13.3 cubic

Table 2—Manure residue rates and production periods
for various livestock and poultry species,
southern region, 1982

: Animal Manure Production
Species units residue rates  period Sources

Number Tons, dry wt. Weeks Reference
Dairy cows 1 1.95 52 [6, 14, 45]
Swine 1 .07 26 [6, 14, 45]
Fed beef 1 .62 26 [6, 14, 45]
Laying hens 1,000 12.60 52 [9, 20, 31, 45]
Broilers 1,000 1.25 8 [23, 26, 31, 45]
Turkeys 1,000 12.60 20 [9, 31, 45]
Pullets 1,000 3.00 22 [31, 45]




Table 3—Dairy cows: Animal numbers and gross potential volume and energy content of manure with anaerobic digestion

Biogas production

Region Dairy cows’ Manure volume? potential’ Thermal energy content* Electrical energy potential®
and Stat
ate 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
—————— 1,000 head ~~---- --1,000 tons dry weight---  --- Billion cubic feet -~ -————--Billion Btu gWh
Southeast:
Alabama 68 63 61 133 123 119 28 26 25 1,680 1,560 1,500 4919 456.8 439.2
Florida 187 185 183 365 361 357 77 7.7 7.6 4,620 4,620 4,560 1,352.7 1,352.7 1,335.2
Georgia 130 130 130 254 254 254 5.4 5.4 5.4 3,240 3,240 3,240 948.7 948.7 948.7
South Carolina 48 45 43 94 88 84 20 1.9 1.8 1,200 1,140 1,080 351.4 333.8 316.2
Total® 433 423 417 844 825 813 17.9 175 17.2 10,740 10,500 10,320 3,144.7 3,074.4 3,021.7
Delta States:
Arkansas 81 79 77 158 154 150 3.3 3.3 3.2 1,980 1.980 1,920 579.7 579.7 562.2
Louisiana 114 107 103 222 209 201 4.7 4.4 4.3 2,820 2,640 2,580 825.7 773.0 755.4
Mississippi 98 93 88 191 181 172 4.0 38 3.6 2,400 2,280 2,160 702.7 667.6 632.4
Total® 293 279 268 571 544 523 121 11.5 11.1 7,260 6,900 6,660 2,125.7 2,020.3 1,950.0
Appalachian:
Kentucky 242 230 218 472 449 425 10.0 9.5 9.0 6,000 5,700 5,400 1,756.8 1,669.0 1,581.1
North Carolina 134 128 121 261 250 236 55 5.3 5.0 3,300 3,180 3,000 966.2 931.1 . 878.4
Tennessee 214 214 214 417 417 417 8.8 8.8 8.8 5,280 5,280 5,280 1,546.0 1,546.0 1,546.0
Virginia 172 172 172 335 335 335 7.1 71 71 4,260 4,260 4,260 1,247.3 1,247.3 1,247.3
West Virginia 37 37 37 72 72 72 15 1.5 1.5 900 900 900 263.5 263.5 263.5
Total® 799 781 762 1,558 1,523 1,486 33.0 32.3 31.5 19,800 19,380 18,900 5,797.4 5,674.5 5,533.9
Regional total 1,525 1,483 1,447 2,974 2,892 2,822 63.0 61.3 59.8 37,800 36,780 35,880 11,067.8 10,769.2 10,505.7
U.S. total 10,815 10,383 9,950 21,089 20,247 19,403 4471 4292 4113 268.260 257,520 246,780 78,546.5 75,4019 72,257.2
Regional total Percent
as percentage
of U.S. total 141 14.3 14.5 141 143 14.5 141 14.3 145 141 14.3 145 141 14.3 14.5

'Data from [37]. Projections based on trend extrapolations from 1980 base year. Figures include average number of milk cows on farms during year.

2Based on 1.95 tons of manure produced per cow, dry weight basis [6, 22, 45].

3Based on 10.6 cubic feet of biogas per pound of manure, dry weight. Volatile solids are 80 percent of total solids (dry weight) and yield 13.3 cubic feet of biogas per

pound [14].

4Based on 600 Btu per cubic foot of biogas at 60-percent methane content. Methane gas yields 1,000 Btu per cubic foot [29].
5Based on 2.928 = 10~ % kWh per Btu, or 3,415.3 Btu per kWh [22].
6Columns may not total due to rounding.
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feet per pound of volatile solids (with volatile sol-
ids 80 percent of dry weight).

Biogas production potential for the region is 59.8
billion cubic feet in 1990. Biogas consists of approx-
imately 60-percent methane gas plus 40-percent car-
bon dioxide and other gas impurities, with the
methane gas having an energy content of about
1,000 Btu per cubic foot. The methane gas can be
used for direct burning on the farm or it can be con-
verted to electricity by an engine-generator system.
Methane gas burned directly could produce 35.9
trillion Btu of energy in the region in 1990. If
methane gas were used to generate electricity, it
could produce more than 10,500 gigawatthours in
1990. Energy potential from dairy cows in the
South was 14.1 percent of the total U.S. energy
potential from dairy cow wastes in 1980, and was
projected to 14.5 percent in 1990.

Hogs and Pigs. Hogs produce about 0.07 ton of ma-
nure per animal on a dry weight basis during their
26-week production period. This could result in a
total hog manure volume of 1.52 million tons in 1990
in the South (table 4). Maximum biogas production
from this manure at 100-percent anaerobic digestion
efficiency would be 10.6 cubic feet per pound of dry
weight or 13.3 cubic feet per pound of volatile solids
(with volatile solids 80 percent of dry weight).

Biogas production potential for the region would be
32.2 billion cubic feet in 1990. Methane from this
process burned directly on the farm would produce
thermal energy amounting to 19.3 trillion Btu in the
South in 1990. Used to generate electricity, the
methane gas’ potential energy output would be al-
most 5,700 gigawatthours in the South in 1990. The
energy potential from hogs in the South was 17.5
percent of the total U.S. energy potential from hog
wastes in 1980, and was projected to be 18.4 per-
cent in 1990.

Cattle on Feed. Fed cattle, normally confined in
feedlots of some type, produce about 0.62 ton of
manure per animal on a dry weight basis during the
fattening period of about 26 weeks. This could pro-
duce a total manure volume in the South of 473,000
tons in 1990 (table 5). With an anaerobic digestion
system, the maximum biogas production potential
from this manure at 100-percent efficiency would be

10

10.6 cubic feet per pound of dry weight or 13.3 cu-
bic feet per pound of volatile solids (with volatile
solids 80 percent of dry weight).

The biogas production potential for the region
would be 10 billion cubic feet in 1990. Methane gas
from this process burned directly on the farm
would produce thermal energy totaling 6 trillion
Btu in the region in 1990. Used to generate elec-
tricity, methane gas would have a potential energy
output of nearly 1,760 gigawatthours in 1990. En-
ergy potential from cattle on feed in the South is
small, accounting for only about 2.5 percent of the
total U.S. energy potential from fed cattle manure
in 1980 through 1990.

Laying Hens. Laying hens produce approximately
12.6 tons of manure per 1,000 birds annually on a
dry weight basis which could result in a total man-
ure volume of 1.38 million tons in 1990 (table 6).
With an anaerobic digestion system, the maximum
biogas production potential from this manure at
100-percent efficiency would be 9.7 cubic feet per
pound of dry weight or 13.3 cubic feet per pound of
volatile solids (with volatile solids 73 percent of dry
weight).

Biogas production potential for the region would be
an estimated 26.8 billion cubic feet in 1990. Burning
this methane gas on the farm would produce thermal
energy amounting to 16.1 trillion Btu in 1990. Used
to generate electricity, the methane gas potential
energy output would be almost 4,710 gigawatthours
in the region in 1990. The energy potential from lay-
ing hens in the South is projected to be 39.3 per-
cent of the total U.S. energy potential from laying
hen wastes in 1990.

Broilers. Broilers produce about 1.25 tons of manure
per 1,000 birds on a dry weight basis during their
8-week production cycle. This could produce a total
manure volume of 4.72 million tons in the South in
1990 (table 7).

Direct combustion of broiler litter and manure will
yield approximately 11 million Btu per ton dry
weight. Burning the litter for heating would there-
fore provide almost 52 trillion Btu of energy in the
South in 1990, nearly 72 percent of total U.S. en-
ergy potential from broiler wastes in that year.
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Table 4—Swine: Animal numbers and gross potential volume and energy content of manure with anaerobic digestion

Hogs and breeder hogs'

Manure volume?

Biogas production

Thermal energy content*

Electrical energy potential®

ar?ggsi'?ante potential3
1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
—————— 1,000 head ------ --1,00C tons dry weight -- -- Billion cubic feet -- ------- Billion Btu gWh -
Southeast:
Alabama 1,554 ‘1,593 1,632 109 112 114 2.3 2.4 2.4 1,380 1,440 1,440 4041 421.6 421.6
Florida 741 778 815 52 54 57 1.1 11 1.2 660 660 720 193.3 193.3 210.8
Georgia 3,391 3,490 3,688 237 244 258 5.0 5.2 5.5 3,000 3,120 3,300 878.4 913.5 966.2
South Carolina 1,054 1,104 1,144 74 77 80 16 1.6 1.7 960 960 1,020 281.1 281.1 298.7
Total® 6,740 6,965 7,279 472 488 510 10.0 10.3 10.8 6,000 6,180 6,480 1,756.8 1,809.5 1,897.3
Delta States:
Arkansas 1,346 1,547 1,749 94 108 122 2.0 23 2.6 1,200 1,380 1,560 351.4 404.1 456.8
Louisiana 228 216 205 16 15 14 3 ] 3 180 180 180 52.7 52.7 52.7
Mississippi 635 651 667 44 46 47 9 1.0 1.0 540 600 600 158.1 175.7 175.7
Total® 2,209 2,414 2,621 155 169 183 3.2 3.6 3.9 1,920 2,160 2,340 562.2 632.5 685.2
Appalachian:
Kentucky 2,282 2,339 2,396 160 164 168 3.4 35 3.6 2,040 2,100 2,160 597.3 614.9 632.4
North Carolina 4,427 4,773 5117 310 334 358 6.6 71 7.6 3,960 4,260 4,560 1,159.5 1,247.3 1,335.2
Tennessee 2,306 2,421 2,536 161 169 178 3.4 3.6 3.8 2,040 2,160 2,280 597.3 632.4 667.6
Virginia 1,349 1,484 1,618 94 104 113 2.0 2.2 2.4 1,200 1,320 1,440 351.4 386.5 4216
West Virginia 124 127 129 9 9 9 2 2 2 120 120 120 35.1 35.1 35.1
Total® 10,488 11,144 11,796 734 780 826 15.6 16.5 17.5 9,360 9,900 10,500 2,740.6 2,898.7 3,074.4
Regional total 19,437 20,523 21,696 1,361 1,437 1,519 28.9 30.5 32.2 17,340 18,300 19,320 5,077.2 5,358.2 5,656.9
U.S. total 110,877 114512 118,147 7,761 8,016 8,270 164.5 169.9 175.3 98,700 101,940 105,180 28,899.4  29,848.0 30,796.7
Regional total Percent
as percentage
of U.S. total 17.5 17.9 18.4 175 17.9 18.4 175 17.9 18.4 175 179 18.4 17.6 17.9 18.4

Data from [37]. Projections based on trend extrapolations from 1980 base year. Includes annual pig crop production plus breeder hogs.

2Based on 0.07 ton of manure produced per animal, dry weight basis [6, 22, 45].

3Based on 10.6 cubic feet of biogas per pound of manure, dry weight basis. Volatile solids are 80 percent of total solids (dry weight) and yield 13.3 cubic feet of biogas per

pound [74].

4Based on 600 Btu per cubic foot of biogas at 60-percent methane content. Methane gas yields 1,000 Btu per cubic foot [29].
5Based on 2.928 x 10~ 4 kWh per Btu, or 3,415.3 Btu per kWh [22].
8Columns may not total due to rounding.
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Table 5—Cattle on feed: Animal numbers and gross potential volume and energy content of manure with anaerobic digestion

Fed beef!

Manure volume?

Biogas production

Thermal energy content?

Electrical energy potential®

Region potential®
and State ——
‘ 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
------ 1,000 head ------ -- 1,000 tons dry weight -- -- Billion cubic feet -- ----———=Billion Btu gWh
Southeast:
Alabama 68 83 83 42 51 51 0.9 1.1 1.1 540 660 660 158.1 193.2 193.2
Florida 120 118 120 74 73 74 1.6 1.5 1.6 960 900 960 281.1 2635 281.1
Georgia 75 74 75 47 46 47 1.0 1.0 1.0 600 600 600 175.7 175.7 175.7
South Carolina 35 35 35 22 22 22 5 5 5 300 300 300 87.8 87.8 87.8
Total® 298 310 313 185 192 194 4.0 4.1 42 2,400 2,460 2,520 702.7 720.2 737.8
Delta States:
Arkansas 25 - 38 38 16 24 24 3 5 180 300 300 52.7 87.8 87.8
Louisiana 17 17 17 1 1 11 2 2 . 120 120 120 35.1 35.1 35.1
Mississippi 48 32 48 30 20 30 6 4 . 360 240 360 105.4 70.3 105.4
Total 90 87 103 57 55 65 1.1 1.1 1. 660 660 780 193.2 193.2 228.3
Appalachian:
Kentucky 87 116 116 54 72 72 1.1 15 1. 660 900 900 193.2 263.5 263.5
North Carolina 39 39 39 24 24 24 5 5 . 300 300 300 87.8 87.8 87.8
Tennessee 65 86 86 40 53 53 8 1.1 1. 480 660 660 140.5 193.2 193.2
Virginia 85 77 85 53 48 53 1.1 1.0 1. 660 600 660 193.2 175.7 193.2
West Virginia 20 16 20 12 10 12 3 2 p 180 120 180 52.7 35.1 52.7
Total 296 334 346 183 207 214 3.8 43 4. 2,280 2,580 2,700 667.4 755.3 790.4
Regional total 684 731 762 425 454 473 8.9 95 10.0 5,340 5,700 6,000 1,563.3 1,669.7 1,756.5
U.S. total 26,891 28,571 30,252 16,672 17,714 18,756 353.4 3755 397.6 212,040 225,300 238,560 62,085.3 65,9679 69,850.4
Regional total Percent
as percentage
.25 2.6 25 2.5 -2.6 2.5 25 25 2.6 25 2.5 25 25 25 25

of USS. total

'Data from [37]. Cattle and calves on feed on Jan. 1 ad
on trend extrapolations from 1980-81 base years.

Based on 0.62 ton of manure per animal, dry weight basis [6, 22, 45].

3Based on 10.6 cubic feet of bio

pound [14].

“Based on 600 Btu per cubic foot of biogas at 60-percent metha

®Based on 2.928 x 10~ *kWh per Btu, or 3,415.3 Btu per kWh [22].

ne content. Methane gas yields 1,000 Btu per cubic foot [29].

justed to reflect total animals fed annually based on sales-inventory ratios from 1978 Census [39]. Projections based

gas per pound of manure, dry weight basis. Volatile solids are 80 percent of total solids (dry weight) and yield 13.3 cubic feet of biogas per
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Table 6—Laying hens: Number of birds and gross potential volume and energy content of manure with anaerobic digestion

Laying hens'

Manure volume?

Biogas production

Thermal energy content?

Electrical energy potential®

ar?de%i?nte potential®
a 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
————— Million birds -----  -- 1,000 tons dry weight -- -- Billion cubic feet —- ---—---=Billion Btu gwh
Southeast:
Alabama 13.7 14.5 15.2 173 183 192 3.4 3.6 3.7 2,040 2,160 2,200 597.3 632.4 .644.2
Florida 12.8 13.4 141 161 169 178 3.1 3.3 3.5 1,860 1,980 2,100 544.6 579.7 614.9
Georgia 23.2 223 214 292 281 270 5.7 5.5 5.2 3,420 3,300 3,120 1,001.4 966.2 913.5
South Carolina 6.8 741 75 86 89 95 1.7 1.7 1.8 1,020 1,020 1,080 298.7 298.7 316.2
Total® 56.5 57.3 58.2 712 722 733 13.8 14.0 14.2 8,280 8,400 8,520 2,424.4 2,459.5 2,494.7
Delta States:
Arkansas 17.2 17.9 18.7 217 226 236 4.2 4.4 4.6 2,520 2,640 2.760 737.9 773.0 808.1
Louisiana 25 2.4 23 32 30 29 6 6 6 360 360 360 105.4 105.4 105.4
Mississippi 6.6 6.0 5.3 83 76 67 1.6 15 1.3 960 900 780 281.1 263.5 228.4
Total® 26.3 26.3 26.3 331 331 331 6.4 6.4 6.4 3,840 3,840 3,840 1,124.4 1,124.4 1,124.4
Appalachian:
Kentucky 2.3 2.3 2.2 29 29 29 .6 .6 6 360 360 360 105.4 105.4 105.4
North Carolina 13.2 13.9 145 166 175 183 3.2 3.4 3.6 1,920 2,040 2,160 562.2 597.3 632.4
Tennessee 4.0 3.9 3.8 50 49 48 1.0 1.0 9 600 600 540 175.7 175.7 158.1
Virginia 3.9 4.0 41 49 50 52 1.0 1.0 1.0 600 600 600 175.7 175.7 175.7
West Virginia 6 .6 6 8 8 8 2 2 .2 120 120 120 35.1 35.1 35.1
Total® 24.0 24.7 25.2 302 311 318 5.9 6.0 6.2 3,540 3,600 3,720 1,036.5 1,054.1 1,089.2
Regional total 106.8 108.3 109.7 1,346 1,365 1,382 26.1 26.5 26.8 15,660 15,900 16,080 4,585.2 4,655.5 4,708.2
U.S. total 287.8 283.5 279.1 3,626 3,572 3,517 70.3 69.3 68.2 42,180 41,580 40,920 12,350.3 12,174.6 11,981.4
Regional total Percent
as percentage
of U.S. total 371 38.2 39.3 371 38.2 39.3 371 38.2 39.3 371 38.2 39.3 37.1 38.2 39.3

'Data from [37). Projections based on trend extrapolations from 1980 base year. Figures include average number of hens and pullets of laying age on farms.

2Based on 12.6 tons of manure produced per 1,000 birds, dry weight basis [9, 20, 31, 45].

3Based on 9.7 cubic feet of biogas produced per pound of manure, dry weight. Volatile solids are 73 percent of total solids (dry weight) and yield 13.3 cubic feet of biogas per

pound [74].

“Based on 600 Btu per cubic foot of biogas at 60-percent methane content. Methane gas yields 1,000 Btu per cubic foot [29].
5Based on 2.928 x 10~ 4 kWh per Btu, or 3,415.3 Btu per kWh [22].
8Columns may not total due to rounding.
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Turkeys. Turkeys produce about 12.6 tons of ma-
nure per 1,000 birds on a dry weight basis during
their 20-week production period. This would result
in a total manure volume estimated at 1.06 million
tons in the South in 1990 (table 8). Direct combus-
tion of turkey litter and manure will yield about 12
million Btu per ton dry weight. Litter burned on
the farm would, therefore, provide 12.71 trillion Btu
of energy in the South in 1990. This level repre-
sents nearly 36 percent of the total U.S. energy
potential from turkey wastes in 1990.

Pullets. Pullets produce about 3 tons of manure per
1,000 birds on a dry weight basis during their
22-week growing period before being moved to
layer flocks. This could result in a total manure
volume of 248,000 tons in the South in 1990 (table

9). Pullet litter and manure will yield about 11 mil-
lion Btu per ton dry weight if directly burned. Lit-
ter burned on the farm would, therefore, provide a
thermal energy content estimated at 2.73 trillion
Btu in the South in 1990, representing almost 48
percent of total U.S. energy potential from pullet
wastes in 1990.

Economically Recoverable Energy from
Manure and Litter

Biomass materials for fuels are highly site-specific
since they are relatively bulky and have a low fuel
value per pound compared with conventional fuels
[25]. Because of this bulkiness and perishability,
transportation costs for collecting and moving
materials such as manure and litter to central pro-

Table 7—Broilers: Number prodﬁced and gross potential volume and energy content ,6'1 litter and manure

Region Broilers! o Maﬁure vdlu'me? Thermal energy content®
and State 1980 1985 1990 1980 1985 1990 1980 1985 1990
------- Million birds --~---- ---------Tons dry weight -———---—- -—=-=--—---Bijllion Btu----------
Southeast: ’
Alabama 494.7 573.9 653.0 618,375 717,375 816,250 6,802.1 7,891.1 8,978.8
Florida 871 105.9 124.6 108,875 132,375 155,750 1,197.6 1,456.1 1,713.3
Georgia 573.9 648.5 7231 717,375 810,625 903,875 7,891.1 8,916.9 9,942.6
South Carolina 431 49.6 56.1 53,875 62,000 70,125 592.6 682:0 771.4
Total* 1,198.8 1,377.9 1,556.8 1,498,500 1,722,375 1,946,000 16,483.5 18,946.1 21,406.0
Delta States: :
Arkansas 634.9 765.0 895.2 793,625 956,250 1,119,000 8,729.9 10,518.8 12,309.0
Louisiana 99.0 122.2 145.5 123,750 152,750 181,875 1,361.3 1,680.3 2,000.6
Mississippi 276.0 3215 367.1 345,000 401,875 458,875 3,795.0 4,420.6 5,047.6
Total* 1,009.9 1,208.7 1,407.8 1,262,375 1,510,875 1,759,750 13,886.1 16,619.6 19,357.3
Appalachian: :
Kentucky 3.2 3.2 3.2 4,000 4,000 - 4,000 440 44.0 440
North Carolina 399.6 457.5 515.5 499,500 571,875 644,375 5,494.5 6,290.6 7,088.1
Tennessee 66.9 74.6 82.3 83,625 93,250 102,875 919.9 1,025.8 1,131.6
-Virginia 126.4 152.9 179.4 158,000 191,125 224,250 1,738.0 2,102.4 2,466.8
West Virginia 21.8 26.1 305 27,250 32,625 38,125 299.8 358.9 419.4
Total* 617.9 7143 810.9 772,375 892,875 1,013,625 8,496.1 9,821.6 11,149.9
Regional total 2,826.6 3,300.9 3,775.5 3,633,250 4,126,125  4,719.375 38,865.8 45,387.4 51,913.1
U.S. total 3,964.5 4,618.6 5,272.7 4,955,625 5,773,260 6,590,875 54,511.9 63,505.8 72,499.6
Percent
Regional total
as percentage
of U.S. total 71.3 71.5 71.6 713 715 716 713 715 716

'Data from-[37]. Projections based on trend extrapolations from 1980 base year.

2Based on 1.25 tons of manure and litter per 1,000 birds, dry weight basis [23, 26, 31, 45]. .
SAssumes 1 ton of broiler litter/manure, dry weight basis, yields 11 million Btu from direct burning [26].
4Columns may not total due to rounding.
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cessing facilities would be very high. Most use will
therefore be concentrated on the farm. This means
that capital investment costs for individual farms
will be relatively high, particularly for smaller
farms. However, for the anaerobic digestion pro-
cess, there are substantial economies of scale at the
low-volume end of digester sizes which could make
it feasible for some farms to use this process [13,
25]. In addition to size, the cost of an anaerobic
digester also varies greatly by type of livestock
enterprise and the technical design of the system.

We assumed that economically recoverable manure
would be available only from confined livestock and
poultry enterprises operating at or above certain
minimum-size levels where the anaerobic digestion

or direct combustion processes are considered feasi-
ble in terms of costs (table 10). Actual costs for in-
dividual farms will vary greatly depending upon ma-
nure characteristics, digester efficiency, operating
practices, and other factors. Efficiency rates for op-
erational digester systems are much lower than
maximum output rates under laboratory benchmark
conditions due to variations in methanogenic
bacteria population, fluctuations in temperature,
composition of the manure, and other factors [14].
Recoverable energy will also be affected by manure
and litter handling losses, storage losses for litter,
and conversion losses in the anaerobic digestion and
electrical generation processes. These factors were
considered in deriving the quantities of economical-
ly recoverable energy.

Table 8—Turkeys: Number produced and gross potential volume and energy content of litter and manure

Region lerk'eys1 Manure volume? Thermal energy content®
and State 1980 1985 1990 1980 1985 1990 1980 1985 1990
————————— 1,000 birds -~—------- ——-—-——--Tons dry weight Billion Btu —--------~
Southeast:
Alabama — — — — —_— — — — —
Florida — — — — — — — — —
Georgia 2,380 2,975 3,570 29,988 37,485 44,982 359.9 449.8 539.8
South Carolina 3,702 4,258 4,813 46,645 53,651 60,644 559.7 643.8 727.7
Total* 6,082 7,233 8,383 76,633 91,136 105,626 919.6 1,093.6 1,267.5
Delta States: -
Arkansas 14,500 18,125 21,750 182,700 228,375 274,050 2,192.4 2,7405 3,288.6
Louisiana - — - — - — — — —
Mississippi — — — — — —_— — — —
Total* 14,500 18,125 21,750 182,700 228,375 274,050 2,192.4 2,740.5 3,288.6
Appalachian:
Kentucky — — — — — — — — —
North Carolina 23,750 29,688 35,625 299,250 374,069 448,875 3,591.0 4,488.8 5,386.5
Tennessee —_ — — — — — — — —
Virginia 10,079 12,599 15,120 126,995 158,747 190,512 1,523.9 1,905.0 2,286.1
West Virginia 2,282 2,738 3,195 28,753 34,499 40,257 345.0 414.0 483.1
Total* 36,111 45,025 53,940 454,998 567,315 679,644 5,460.0 6,807.8 '8,155.7
Regional total * 56,693 70,383 84,073 714,332 886,826 1,059,320 8,572.0 10,641.9 12,711.8
U.S. total 164,743 199,339 233,935 2,075,762 2,511,671 2,947,581 24,909.1 30,140.1 35,371.0
Percent
Regional total
as percentage
of U.S. total 34.4 353 35.9 344 35.3 35.9 34.4 35.3 35.9

— =Data not available.

Data from [37]. Projections based on trend extrapolations from 1980 base year.
2Based on 12.6 tons of manure and litter per 1,000 birds, dry weight basis, confinement housing [9, 37, 45].
3Assumes 1 ton of turkey litter/manure, dry weight, yields 12 million Btu from direct burning [26].

4Columns may not total due to rounding.
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Dairy Cows

The economically recoverable volume and potential
energy yield of dairy cow manure in the South,
given in table 11, are based on manure from dairy
-farms with herds of 30 cows or more minus 20-per-
cent pasture and handling losses. Estimated manure
volume for the region is 1.9 million tons for 1990.
With the anaerobic digestion process, the biogas
yield would be 8.7 cubic feet per pound of dry
weight manure at 35-percent digester efficiency.
Biogas production potential for the region is
estimated at 14.2 billion cubic feet in 1990.

Biogas is about 60-percent methane gas which has
an energy content of approximately 1,000 Btu per

cubic foot. Methane from dairy cow manure burned
directly as a gas would produce 8.5 trillion Btu of
energy in the South in 1990. If the methane gas
were used to generate electricity, it would produce
748 gigawatthours in 1990. The energy potential
from dairy cows in the South is projected at 14.7
percent of the total U.S. energy potential from
dairy cow wastes in 1990.

Hogs andPigs

Volume and energy values for hogs and pigs in
table 12 reflect manure from hog farms with sales

of 500 head per year or more minus 10-percent

handling losses. With two pig crops per year, the
minimum-size farm would have a capacity of 250

Table 9—Nonlaying pullets: Number of birds and gross potential volume and energy cithent of manure and litter

Pullet chickens'

Manure volume?2

Region __Thermal energy content®
and State 1980 1985 1990 1980 1985 1990 - 1980 1985 1990
——————— Mitlion birds -----—- --- 1,000 tons dry weight -—- —=——————-- Bijllion Btu ----==—~--
Southeast: i
Alabama 12.5 13.2 13.6 37.5 39.6 40.8 “4125 435.6 448.8
Florida 8.7 8.3 7.9 26.1 249 23.7 28741 273.9 260.7
-Georgia 176 164 14.9 52.8 492 - 447 - 580.8 541.2 491.7
South-Carolina 4.6 47 4.9 13.8 141 147 -151.8 155.1 161.7
Total 43.4 426 413 130.2 127.8 - 1239 1,432.2 1,405.8 1,362.9
Delta States: ) . . )
Arkansas 173 180 19.0 51.9 54.0 57.0 -570.9 594.0 627.0
Louisiana 8 .8 -8 24 - 24 24 26.4 - 26.4 26.4
Mississippi 5.6 ) 5.3 4.9 16.8 15.9 14.7 -184.8 174.9 161.7
Total 23.7 241 24.7 71.1 72.3 741 782.1 795.3 815.1
Appalachian: '
Kentucky .9 9 9 2.7 2.7 2.7 29.7 29.7 29.7
North Carolina 9.4 9.9 10.4 28.2 29.7 31.2 310.2 326.7 343.2
Tennessee 2.0 1.6 1.6 6.0 4.8 438 66.0 52.8 52.8
Virginia 35 37 3.7 105 11.1 111 1155 122.1 122.1
West Virginia .2 2 2 6 6 6 6.6 6.6 6.6
Total 16.0 16.3 16.8 48.0 48.9 50.4 528.0 537.9 554.4
Regional total 83.1 83.0 82.8 2493 249.0 - 2484 2,742.3 2,739.0 2,732.4
U.S. total 173.1 173.6 173.2 - 519.3 520.8 519.6 5,712.3 5,728.8 5,715.6
- Percent
Regional total
as_percentage ‘
48.0 47.8 47.8 48.0 47.8 47.8

of U.S. total 48.0 47.8 47.8

1Data from [37]. Pullets on farms Dec. 1 adjusted to reflect total birds raised duri
1978 Census [39]. Projections based on.trend extrapolations from 1980-81 base years.

2Based on 3 tons of manure and litter per 1,000 birds, dry weight basis [37].

3Assumes 1 ton of pullet manure/litter on a dry weight basis yields 11-million Btu from direct burning [26].
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market hogs plus breeding stock. Estimated manure
volume for the South is 695,000 tons for 1990. The
biogas yield from anaerobic digestion of hog manure
would be 5.83 cubic feet per pound of dry weight
manure at 55-percent digester efficiency. The bio-
gas production potential for the region is estimated
at 8.1 billion cubic feet for 1990.

Biogas is about 60-percent methane gas. If this gas
were burned directly, the thermal energy content of
the manure for the region would be 4.9 trillion Btu
in 1990. Potential energy output of this methane if
used to generate electricity would be 427 gigawatt-
hours in 1990. The energy potential from hogs in
the South would be 16.7 percent of the total U.S.
energy potential from hog wastes in 1990.

Cattle on Feed

Energy values for cattle in table 13 reflect manure
from cattle fed on southern farms with sales of
1,000 head or more per year minus 5-percent hand-
ling losses. With a turnover ratio of two lots per
year, the minimum size farm would be feeding 500
head at one time. Estimated manure volume for the
South is 136,700 tons for 1990. The biogas yield
from anaerobic digestion would be 5.3 cubic feet per
pound of dry weight manure at 50-percent digester
efficiency. The biogas production potential for the
region is an estimated 1.45 billion cubic feet in 1990.

Biogas is about 60-percent methane gas. Burned
directly on the farm, this gas would produce ther-
mal energy amounting to 868 billion Btu in the
South in 1990. If used to generate electricity, the
potential energy output of the gas for the region
would be 76.2 gigawatthours in 1990. The energy
potential from cattle on feed in the South accounts
for only 1.2 percent of the total U.S. energy poten-
tial from fed cattle manure in 1990.

Laying Hens

Energy values for laying hens in table 14 reflect
manure from poultry farms with flocks of 20,000
hens or more minus 3-percent handling losses.
Estimated manure volume for the South is 896,000
tons for 1990. The biogas yield from anaerobic
digestion would be 6.3 cubic feet per pound of dry
weight manure at 65-percent digester efficiency.
The biogas production potential for the region is
11.1 billion cubic feet for 1990.

Biogas is about 60-percent methane gas. If this gas
were burned directly, the thermal energy content of
the manure for the region would be 6.7 trillion Btu
in 1990. If the methane gas were used to generate
electricity, it would produce 585 gigawatthours in
the South in 1990. The energy potential from laying
hens in the South is projected to be 35.8 percent of
the total U.S. energy potential from laying hen
wastes in 1990.

Broilers

The energy values for broilers in table 15 reflect
manure from broiler farms with sales of 60,000
birds per year or more minus 3-percent handling
losses. With production of five lots per year, the
minimum-size farm would have a capacity of 12,000
birds. Estimated manure volume for the South is
4.3 million tons for 1990.

Broiler litter and manure will yield about 11 million
Btu per ton dry weight in the direct combustion pro-
cess, producing 47.7 trillion Btu of thermal energy
in the South in 1990. This potential energy from

Table 10—Minimum-size enterprises and capital
investment costs for economically
recoverable energy systems for livestock
and poultry manure in the South, 1980

Minimum- Energy Capital
Species size conversion investment Source
unit? system? costs?

Number Dollars Reference
Dairy cows 30 AD 25,000 [4, 14, 16]
Swine 250 AD 51,000 [10, 11, 14]
Fed beef 500 AD 65,000 [13, 14]
Laying hens 20,000 AD 50,000 [14, 17, 28]
Broilers 12,000 DC 18,000 [24, 30]
Turkeys 15,000 DC 18,000 [24]
Pullets 15,000 DC 18,000 [24]

1Refers to animals or birds on farm at any one time. However,
there are typically two pig crops per year produced, two lots of
fed beef, at least five lots of broilers, and two flocks of turkeys
and pullets.

2Conversion system AD is anaerobic digestion and DC is
direct combustion.

3Based primarily on studies conducted in late seventies
through 1981. Reflects lowest costs for minimum-size units.
Does not include engine generator costs of at least $8,000 for
electricity production in the AD process. Litter storage and con-
veying system at a cost of $6,000 included in the DC process.
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Table 11—Dairy cows: Animal numbers and econdmically recoverable volume and potential energy yield from manure with anaerobic digestion

Dairy cows'

Manure volume?

Biogas production

Thermal energy content*

Electrical energy potential®

af?tiegsi?‘nté ‘ ‘ potential®
4 1980 1985 ' 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
————— 1,000 head —---- -- 1,000 tons dry weight —- ---Billion cubic feet--- ------- Billion Btu ------- - gWh
Southeast:
Alabama 57 53 51 89 83 80 0.6 0.6 0.6 360 360 360 31.6 31.6 -31.6
Florida 182 180 179 284 281 279 21 2.1 21 1,260 1,260 1,260 110.7 110.7 110.7
Georgia 122 122 122 190 190 190 1.4 1.4 1.4 840 840 840 73.8 738 73.8
South Carolina 45 42 40 70 66 62 5 5 5 300 300 300 26.4 26.4 26.4
Total 406 397 392 633 620 611 4.6 4.6 46 2,760 2,760 2,760 2425 2425 2425
Delta States:
Arkansas 65 63 61 101 98 95 7 N4 7 420 420 420 36.9 36.9 36.9
Louisiana 105 99 95 164 154 148 1.2 1.1 1.1 720 660 660 63.2 58.0 58.0
Mississippi 84 80 75 131 125 117 1.0 .9 .9 600 540 540 52.7 47.4 47.4
Total 254 242 231 396 377 360 29 27 2.7 1,740 1,620 1,620 152.8 1423 142.3
Appalachian:
Kentucky 169 161 152 264 251 237 2.0 1.9 1.8 1,200 1,140 1,080 105.4 100.1 94.9
North Carolina 118 113 107 184 176 167 1.4 1.3 1.2 840 780 720 . 738 68.5 63.2
Tennessee 168 168 168 262 262= 262 1.9 1.9 1.9 1,140 1,140 1,140 100.1 100.1 100.1
Virginia 148 148 148 231 231 231 1.7 1.7 1.7 1,020 1,020 1,020 89.6 89.6 89.6
West Virginia 27 27 27 42 42 42 3 3 3 180 180 180 15.8 15.8 15.8
Total 630 617 602 983 962 939 7.3 71 6.9 4,380 4,260 4,140 384.7 3741 363.6
Regional total 1,290 1,256 1,226 2,012 1,959 1,910 14.8 144 14.2 8,880 8,640 8,520 780.0 758.9 748.4
U.S. total 9,128 8,763 8,398 14,240 13,670 13,101 105.4 101.2 96.9 63,240 60,720 58,140 5,555.0 5,333.6 5,107.0
Regional total Percent
as percentage ‘ ‘
14.1 143 14.6 14 143 14.6 14.0 14.2 14.7 14.0 14.2 14.7 14.0 14.2 14.7

~of Us. total

Data from table 3ad
2Based on 1.95 tons
3Based on 3.7 cubic

4Ba{sed on 600 Btu per cubic foot of biogas at 60-percent methane content. Methane gas yields 1,000 Btu per cubic foot [29].
5Based on 3.4153 billion Btu per gWh and 30-percent electrical conversion efficiency [16, 22].

justed to include only dairy cows on farms with herds of 30 cows or more based on size categories from 1978 Census [39].
manure per dairy cow, dry weight basis, minus 20-percent pasture and handling losses [45].
feet of biogas per pound of manure, dry weight basis, at 35-percent digester efficiency [4,74).
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Table 12—Swine: Animal numbers and economically recoverable volume “and potential energy yield from manure with anaerobic digestion

Biogas production

Region Hogs and pigs'’ Manure volume? potential® Thermal energy content* Electrical energy potential®
and State 1980 1985 1990 1980 1985 1990 1980 1985 = 1990 1980 1985 1990 1980 1985 1990
——————— 1,000 head -~----- --1,000 tons dry weight-- --- Million cubic feet ——- ----——-- Billion Btu gWh
Southeast:
Alabama 637 653 669 -40 41 42 466 478 490 279.6 286.8 294.0 246 25.2 25.8
Florida 267 280 293 17 18 18 198 210 210 118.8 126.0 126.0 104 111 11.1
Georgia 1,763 1,815 1,918 11 114 121 1,294 1,329 1,411 776.4 797.4 846.6 68.2 70.0 74.4
South Carolina 538 563 583 34 35 37 396 408 431 237.6 2448 2538.6 20.9 21.5 22.7
Total 3,205 3,311 3,463 202 208 218 2,354 2,425 2,542 1,412.4 1,455.0 1,525.2 1241 127.8 134.0
Delta States:
Arkansas 781 897 1,014 49 57 64 571 665 746 342.6 399.0 447.6 30.1 35.0 39.3
Louisiana 64 60 57 4 4 4 a7 a7 47 28.2 28.2 28.2 25 25 25
Mississippi 286 293 300 18 18 19 210 210 222 126.0 126.0 133:2 111 111 11.7
. Total 1,131 1,250 1,371 71 79 87 828 922 1,0_15 496.8 553.2 609.0 437 48.6 53.5
Appalachian:
Kentucky 936 959 982 59 60 62 688 700 723 4128 420.0 433.8 36.3 36.9 38.1
North Carolina 3,055 3,293 3,531 192 207 222 2,239 2,414 2,589 1,343.4 1,448.4 1,553.4 118.0 127.2 136.5
Tennessee 692 726 761 44 46 48 513 536 560 307.8 321.6 336.0 27.0 28.2 29.5
Virginia 742 816 890 47 51 56 548 595 653 328.8 357.0 391.8 28.9 31.4 344
West Virginia 25 25 26 2 2 2 23 23 23 13.8 138 138 1.2 1.2 1.2
Total 5,450 5,819 6,190 344 366 390 4,011 4,268 4,548 2,406.6 2,560.8 2,728.8 2114 2249 239.7
Regional total 9,786 10,380 11,024 617 653 695 7,193 7,615 8,105 4,315.8 4,569.0 4,863.0 379.2 401.3 427.2
U.S. total 62,091 64,127 66,162 3,912 4,040 4,168 45614 47,106 48,599 27,386.4 28,263.6 29,159.4 2,405.6 2,482.7 2,561.4
Regional total Percent
as percentage
of U.S. total 15.8 16.2 16.7 15.8 16.2 16.7 15.8 16.2 16.7 15.8 16.2 16.7 15.8 16.2 16.7

'Data from table 4 adjusted to include only animals from farms with sales of 500 head per year or more based on size categories from 1978 Census [39].
2Based on 0.07 ton of manure per animal, dry weight basis, minus 10-percent handling losses [70, 45].

3Based on 5.83 cubic feet of biogas per pound of manure, dry weight basis, at 55-percent digester efficiency [74].

4Based on 600 Btu per cubic foot of biogas at 60-percent methane content. Methane gas yields 1,000 Btu per cubic foot [29].

5Based on 3.4153 billion Btu per gWh and 30-percent electrical conversion efficiency [16, 22).
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Table 13—Cattle on feed: Animal numbers and economically recoverable volume and potential energy content of manure with anaerobic digestion

Region Fed beef! " Manure volume? Biog%it%'&?:ﬁﬁon Thermal energy content  Electrical energy potential®
‘ tate ‘ —— v , .
and Sta 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
—————— 1,000 head ------ --1,000 tons dry weight—-- ----Million cubic feet---- --——- Billion Btu gWh
Southeast:
Alabama 31.3 38.2 38.2 18.4 225 22.5 195 239 239 117 143 143 10.3 . 126 12.6
Florida 91.2 89.7 91.2 53.7 52.8 53.7 569 560 569 341 336 341 30.0 29.5 30.0
Georgia . 323 32.3 32.3 19.0 19.0 19.0 201 201 201 121 121 121 10.6 10.6 10.6
South Carolina 10.5 10.5 10.5 6.2 6.2 6.2 66 66 66 40 40 40 3.5 35 35
Total 165.3 170.7 172.2 - 97.3 100.5 101.4 1,031 1,066 1,075 619 640 645 54.4 56.2 36.7
Delta States: ‘ ‘ ‘
Arkansas 75 1.4 114 4.4 6.7 6.7 47 71 71 28 43 43 25 3.8 3.8
Louisiana 1.4 1.4 1.4 .8 8 .8 8 8 8 5 5 5 4 4 4
Mississippi 14.4 9.6 14.4 8.5 5.7 8.5 90 60 90 54 36 54 4.7 3.2 4.7
Total 23.3 22.4 27.2 13.7 13.2 16.0 145 139 169 87 84 102 76 7.4 8.9
- Appalachian:
Kentucky 44 5.8 5.8 2.6 34 3.4 28 34 34 17 20 20 15 1.8 1.8
North Carolina 5.1 5.1 5.1 3.0 3.0 3.0 32 32 32 19 19 19 1.7 1.7 1.7
Tennessee 1.1 14.6 14.6 6.5 . 8.6 8.6 69 91 91 41 55 55 3.6 4.8 4.8
Virginia 6.0 5.4 6.0 3.5 3.2 3.5 37 34 37 22 20 22 1.9 1.8 1.9
West Virginia 1.4 1.1 1.4 .8 6 .8 8 6 8 5 4 5 4 4 4
Total 28.0 32.0 329 16.4 18.8 19.3 174 197 202 104 118 121 91 105 10.6
' Regi‘or"l“al‘tota‘l 216.6 225.1 232.3 127.4 1325 136.7 1,350 1,402 1,446 810 842 868 7141 741 76.2
U.S. total 17,479.2 18,571.2 19,633.8 10;295.2 10,938.4 11,564.3 109,129 115,947 122,582 65,477 69,568 73,549 57515 6,1109 6,460.5
Regional total ‘ Percent
as percentage L o ‘
of U.S. total’ 12 1.2 1.2 12 12 1.2 1.2 1.2 1.2 1.2 1.2 1.2 1.2 12 1.2

Data from table 5 adjusted to include only cattle fed on farms with sales of 1,000 head or more per year based on size categories from 1978 Census [39].
2Ba‘s.ed on 0.62 ton of manure per animal, dry weight basis, minus 5-percent handling losses [13, 22, 45].
3Based on 5.3 cubic feet of biogas per pound of manure, dry weight basis, at 50-percent digester efficiency [14].

“Based on 600 Btu per cubic foot of biogas at 60-percent methane content. Methane gas yields 1,000 Btu per cubic foot [29].
5Based on 3.4153 billion Btu per gWh and 30-percent electrical conversion efficiency.
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Table 14—Laying hens: Number of birds and economically recoverable volume and potential energy content of manure with anaerobic digestion

Manure volume?

Biogas production

Thermal energy content*

Electrical energy potential®

. ; 1
1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
————— Million birds ——--- -- 1,000 tons dry weight --  --- Billion cubic feet ——- ------- Billion Bty ------- - gWh -
Southeast:
Alabama 8.5 9.0 9.4 104 110 115 1.3 1.4 14 780 840 840 68.5 738 73.8
Florida 11.4 11.9 125 139 145 153 1.8 18 1.9 1,080 1,080 1,140 94.9 94.9 100.1
Georgia 15.8 15.2 14.6 193 186 178 2.4 23 2.2 1,440 1,380 1,320 126.5 121.2 115.9
South Carolina 5.2 5.4 5.7 64 66 70 .8 .8 9 480 480 540 42.2 42.2 47.4
Total 40.9 41.5 42.2 500 507 516 6.3 6.3 6.4 3,780 3,780 3,840 332.1 332.1 337.2
Delta States:
Arkansas 10.8 11.3 11.8 132 138 144 1.7 1.7 1.8 1,020 1,020 1,080 89.6 89.6 94.9
Louisiana 1.1 1.1 1.0 13 13 12 2 2 2 120 120 120 10.5 105 10.5
Mississippi 4.0 3.7 3.2 49 45 39 6 .6 5 360 360 300 31.6 316 26.4
Total 15.9 16.1 16.0 19 196 195 25 25 25 1,500 1,500 1,500 131.7 131.7 131.8
Appalachian:
Kentucky 14 1.4 14 17 17 17 .2 .2 2 120 120 120 10.5 10.5 10.5
North Carolina 7.4 7.8 8.1 90 95 99 141 1.2 1.2 660 720 720 58.0 63.2 63.2
Tennessee 3.0 2.9 2.9 37 35 35 5 4 4 300 240 240 26.4 211 211
Virginia 2.6 2.7 2.7 32 33 33 4 4 4 240 240 240 211 211 211
West Virginia A A A 1 1 1 .01 .01 .01 6 6 6 5 5 5
Total 145 14.9 15.2 177 181 185 2.2 22 2.2 1,326 1,326 1,326 116.5 116.4 116.4
Regional total 713 725 73.4 871 884 896 11.0 11.0 11.1 6,606 6,606 6,666 580.3 580.2 585.4
U.S. total 207.2 204.1 201.0 2,632 2,495 2,457 31.9 314 31.0 19,140 18,840 18,600 1,681.3 1,654.9 1,633.8
Regional total Percent
as percentage
~ of U.S. total 34.4 355 36.5 34.4 35.4 36.5 34.5 35.0 35.8 34.5 35.1 35.8 345 35.1 35.8

'Data from table 6 adjusted to include only birds on farms with flocks of 20,000 hens or more based on size categories from 1978 Census [39].
2Based on 12.6 tons of manure per 1,000 birds, dry weight basis, minus 3-percent handling losses [9, 20, 31, 45].
3Based on 6.3 cubic feet of biogas per pound of manure, dry weight basis, at 65-percent digester efficiency [74].
4Based on 600 Btu per cubic foot of biogas at 60-percent methane content. Methane gas yields 1,000 Btu per cubic foot [29].
SBased on 3.4153 billion Btu per gWh and 30-percent electrical conversion efficiency [16, 22].
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broilers in the South would account for almost 72
percent of the total U.S. energy potential from
broiler wastes in 1990.

Turkeys

Energy values for turkeys in table 16 reflect ma-
nure from turkey farms with sales of 80,000 birds-
per year or more minus 20-percent range and hand-
ling losses. With production of two flocks per year,
the minimum-size farm would have a capacity of
15,000 turkeys. Estimated manure volume for the
South is more than 750,000 tons for 1990.

Turkey litter and manure burned directly will yield

about 12 million Btu per ton dry weight. Burning
the manure for heating would provide a thermal
energy content of 9 trillion Btu for the region in 1990,
representing 36.6 percent of the total U.S. energy
potential from turkey wastes in that year.

Pullets

Energy values for pullets-in table 17 reflect manure

from pullet-growing farms with sales of 30,000 birds

or more per year minus 3-percent handling losses.

With production of two flocks per year, the mini-

mum-size farm would have a capacity of 15,000 pul- |
lets. Estimated manure volume for the South is |
175,764 tons for 1990.

Table 15—Broilers: Number produced and economically recoverable volume and potential energy content of litter

and manure
Region Broilers’ Manure volume? Thermal energy content?
and State 1980 1985 1990 1980 1985 1990 1980 1985 1990
——————— Million birds - Tons dry weight - —-—------ -====-=----Billion Bty ----------
Southeast:
Alabama 465.0 539.5 613.8 563,813 654,144 744,233 6,201.9 7,195.6 8,186.6
Florida 85.4 103.8 122.1 103,548 125,858 148,046 1,139.0 1,384.4 1,628.5
Georgia 539.5 609.6 679.7 654,144 739,140 824,136 7,195.6 8,130.5 9,065.6
South Carolina 40.5 46.6 52.7 49,106 56,503 63,899 540.2 621.5 702.9
Total 1,130.4 1,299.5 1,468.3 1,370,611 1,575,645 1,780,314 15,076.7 17,332.0 19,583.5
Delta States:
Arkansas 603.2 726.8 850.4 731,380 881,245 1,031,110 8,045.2 9,693.7 11,342.2
Louisiana 98.0 121.0 144.0 118,825 146,713 174,600 1,307.1 1,613.8 1,920.6
Mississippi 267.7 311.9 356.1 324,586 378,179 431,771 3,570.4 4,160.0 4,749.5
Total 968.9 1,159.7 1,350.5 1,174,791 1,406,137 1,637,481 12,922.7 15,467.5 18,012.3
Appalachian:
Kentucky 2.3 2.3 2.3 2,789 2,789 2,789 30.7 30.7 30.7
North Carolina 371.6 425.5 479.4 450,565 515,919 581,273 4,956.2 5,675.1 6,394.0
Tennessee 59.5 66.4 73.2 72,144 80,510 88,755 793.6 885.6 976.3
Virginia 121.3 146.8 172.2 147,076 177,995 208,793 1,617.8 1,957.9 2,296.7
West Virginia 20.3 24.3 28.4 24,614 29,464 34,435 270.8 3241 378.8
Total 575.0 665.3 755.5 697,188 806,677 916,045 7,669.1 8,873.4 10,076.5
Regional total 2,674.3 3,124.5 3,574.3 3,242,590 3,788,459 4,333,840 35,668.5 41,6729 47,672.3
U.S. total 3,750.4 4,369.2 4,988.0 4,547,360 5,297,655 6,047,950 50,021.0 58,274.2 66,527.5
Percent
Regional total
as percentage
of U.S. total 71.3 71.5 71.7 71.3 71.5 71.7 71.3 715 71.7

Data from table 7 adjusted to include only birds from farms with sales of 60,000 birds per year or more based on size categories from

1978 Census [39].

2Based on 1.25 tons of manure and litter per 1,000 birds, dry weight basis, minus 3-percent handling losses [26, 37].
3Assumes 1 ton of broiler litter/manure, dry weight basis, yields 11 million Btu from direct burning [26].
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Energy Potential from Livestock and Poultry Wastes in the South

With the direct combustion process, pullet litter
and manure will yield about 11 million Btu per ton
dry weight. Burned directly, the litter and manure
would provide 1.93 trillion Btu in the South in 1990,
representing 43.1 percent of the total U.S. energy
potential from pullet wastes in 1990.

Total Quantity and Potential Value of
Recoverable Energy from Livestock and
Poultry Wastes

Potential recoverable energy from livestock and
poultry wastes in the South consists of two primary
“types: (1) methane gas from anaerobic digestion, and
(2) thermal energy from direct combustion of ma-

nure and litter. Methane gas can be burned directly
or converted into electricity by engine generators.
The value of this energy will therefore depend on
its form: that is, whether used for methane gas,
electricity, or for direct combustion; its location;
and the type of conventional fuel which it displaces.

Methane Gas Production

The economically recoverable methane gas produc-
tion potential from anaerobic digestion in the South
was 20.6 billion cubic feet in 1980 with 43 percent of
this energy from dairy cow enterprises, 32 percent
from laying hens, 21 percent from hogs, and 4 per-
cent from fed beef (table 18). This production was
11.7 percent of the total potential output of meth-

Table 16—Turkeys: Number produced and economically recoverable volume and potential energy content of litter

and manure
Region Turkeys' Manure volume? Thermal energy content?
and State 1980 1985 1990 1980 1985 1990 1980 1985 1990
--------- 1,000 birds --------- --=-=---=Tons dry weight -————---- —~-~—=--= Billion Btu -~------~
Southeast:
Alabama — — — — — — — — —

- Florida — — — — — — — — —
Georgia 1,833 2,291 2,749 18,477 23,093 27,710 221.7 2771 3325
South Carolina 3,147 3,619 4,091 31,722 36,480 41,237 380.7 437.8 494.8

Total 4,980 5,910 6,840 50,199 59,573 68,947 602.4 7149 827.3
Delta States:
Arkansas 12,905 16,131 19,358 130,082 162,600 195,129 1,561.0 1,951.2 2,341.5
Louisiana — — - — — — — — —
-Mississippi — —_ — — — — - - —
Total 12,905 16,131 19,358 130,082 162,600 195,129 1,561.0 1,951.2 2,3415
Appalachian:
Kentucky — — — — — — — — —
North Carolina 22,308 27,886 33,463 224,865 281,091 337,307 2,698.4 3,373.1 4,047.7
Tennessee — — — — — — e - —
Virginia 7,962 9,953 11,945 80,257 100,326 120,406 963.1 1,203.9 1,4449
West Virginia 2,008 2,409 2,812 20,241 24,283 28,345 2429 291.4 340.1
Total 32,278 40,248 48,220 325,363 405,700 486,058 3,904.4 4,868.4 5,832.7
Regional total 50,163 62,289 - 74,418 505,644 627,873 750,134 6,067.8 7,534.5 9,001.5
U.S. total 143,326 173,425 = 203,523 1,444,726 1,748,124 2,048,790 17,336.7 20,977.5 24,585.5
Percent
Regional total
as percentage

of U.S. total 35.0 35.9 36.6 35.0 35.9 36.6 35.0 359 36.6

— =Data not available.

'Data from table 8 adjusted to include only turkeys from farms with sales of 30,000 birds per year or more based on size categories
from 1978 Census [39].

2Based on 12.6 tons of manure and litter per 1,000 birds, dry weight basis, minus 20-percent range and handling losses [9, 37, 45].

3Assumes 1 ton of turkey litter/manure, dry weight basis, yields 12 million Btu from direct burning [26].
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ane gas from these types of enterprises in the electricity. Natural gas is only available in certain
United States in 1980. The major potential produc- areas of the South, but it is a good substitute for
ing States in the region were Georgia, North Caro- methane gas where available. However, LP gas is
lina, and Florida, which accounted for 43 percent of the most common type of fuel used on farms or in
the region’s methane gas potential. However, due to rural areas in the South. Methane gas used as a
the diversity of these enterprises, production poten- substitute for natural gas in the region in 1980
tial was generally widespread throughout the re- would have been valued at $76.7 million, compared
gion except for West Virginia and Louisiana, which with $146.6 million if it had been used as a sub-
had a relatively small number of livestock and poul- stitute for LP gas (table 19). This higher value for
try farms. Projected 1985 and 1990 levels of meth- LP gas is expected since natural gas has traditional-
ane gas production show little change from 1980 ly been priced much lower than LP gas on a Btu basis.
levels for the South. For 1985 and 1990, however, the price of natural gas
is expected to increase much faster than LP gas due
The potential value of this methane gas depends on to deregulation of the natural gas industry now
whether it is used to replace natural gas, LP gas, or underway. The value of the potential methane gas

Table 17—Nonlaying pullets: Number of birds and economically recoverable volume and potential energy content of }
manure and litter .

Region Pullet chickens’ Manure volume? Thermal energy content®
and State 1980 1985 1990 1980 1985 1990 1980 1985 1990
|
------- Million birds------- ~—-————- Tons dry weight -——-—-——- ~——————=- Billion Bty --------- |
Southeast: )
Alabama 7.4 7.8 8.0 21,534 22,698 23,280 236.9 249.7 256.1
Florida 7.8 7.5 71 22,698 21,825 20,661 249.7 240.1 227.3
Georgia 11.6 10.8 9.8 33,756 31,428 28,518 371.3 345.7 313.7
South Carolina 4.1 4.2 4.4 11,931 12,222 12,804 131.2 134.4 140.8
Total 30.9 30.3 29.3 89,919 88,173 85,263 989.1 969.9 937.9
Delta States: )
Arkansas 121 12.6 133 35,211 36,666 38,703 387.3 403.3 425.7
Louisiana 7 7 7 2,037 2,037 2,037 22.4 22.4 22.4
Mississippi 4.8 45 4.2 13,968 13,095 12,222 153.6 144.0 134.4
Total 17.6 17.8 18.2 51,216 51,798 52,962 563.3 569.7 682.5
Appalachian:
Kentucky 6 6 6 1,746 1,746 1,746 19.2 19.2 19.2
North Carolina 7.3 7.7 8.1 21,243 22,407 23,571 233.7 246.5 259.3
Tennessee 1.6 1.3 1.3 4,656 3,783 3,783 51.2 41.6 41.6
Virginia 2.7 28 2.8 7,857 8,148 8,148 86.4 89.6 89.6
West Virginia A Aw A 291 291 291 3.2 3.2 3.2
Total 12.3 12.5 129 35,793 36,375 37,539 393.7 400.1 4129
Regional total 60.8 60.6 60.4 176,928 176,346 175,764 1,946.1 1,939.8 1,933.4
U.S. total 140.2 140.6 140.3 407,982 409,146 408,273 4,487.8 4,500.6 4,491.0
Percent

Regional total
as percentage
of U.S. total 43.4 43.1 43.1 43.4 43.1 43.1 43.4 431 43.1

'Data from table 9 adjusted to include only birds from farms with sales of 30,000 birds or more per year based on size categories from
1978 Census [39].

2Based on 3 tons of manure and litter per 1,000 birds, dry weight basis, minus 3-percent handling losses [37].

3Assumes 1 ton of pullet litter/manure, dry weight basis, yislds 11 million Btu from direct burning [26].
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Table 18—Methane gas: Quantity economically recoverable from anaerobic digestion of animal and poultry manure’

Region Dairy cows Fed beef Hogs and pigs Laying hens Total
and State 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
Million cubic feet
Southeast:
Alabama 360 360 360 117 143 143 280 287 294 780 840 840 1,537 1,630 1,637
Florida 1,260 1,260 1,260 341 336 341 119 126 126 1,080 1,080 1,140 2,800 2,802 2,867
Georgia 840 840 840 121 121 121 776 797 847 1,440 1,380 1,320 3,177 3,138 3,128
South Carolina 300 300 300 40 40 40 238 245 259 480 480 540 1,058 1,065 1,139
Total 2,760 2,760 2,760 619 640 645 1,413 1,455 1,526 3,780 3,780 3,840 8,572 8,635 8,771
Delta States:
Arkansas 420 420 420 28 43 43 343 399 < 448 1,020 1,020 1,080 1,811 1,882 1,991
Louisiana 720 660 660 5 5 5 28 28 28 120 120 120 873 813 813
Mississippi 600 540 540 54 36 54 126 126 133 360 360 300 1,140 1,062 1,027
Total 1,740 1,620 1,620 87 84 102 497 553 609 1,500 1,500 1,500 3,824 3,757 3,831
Appalachian:
Kentucky 1,200 1,140 1,080 17 20 20 413 420 434 120 120 120 1,750 1,700 1,654
North Carolina 840 780 720 19 19 19 1,343 1,448 1,553 660 720 720 2,862 2,967 3,012
Tennessee 1,140 1,140 1,140 41 55 55 308 322 336 300 240 240 1,789 1,757 1,771
Virginia 1,020 1,020 1,020 22 20 22 329 357 392 240 240 240 1,611 1,537 1,674
West Virginia 180 180 180 5 4 5 14 14 14 6 6 6 205 204 205
Total 4,380 4,260 4,140 104 118 121 2,407 2,561 2,729 1,326 1,326 1,326 8,217 8,165 8,316
Regional total 8,880 8,640 8,520 810 842 868 4,317 4,569 4,864 6,606 6,606 6,666 20,613 20,557 20,918
U.S. total 63,240 60,720 58,140 65,477 69,568 73,549 27,368 28,264 29,159 19,140 18,840 18,600 175,225 177,392 179,448
Régional total Percent
as percentage .
of U.S. total 14.0 142 14.7 1.2 1.2 1.2 15.8 16.2 16.7 34.5 35.0 35.8 11.7 11.6 11.7

'Based on data from tables 11 to 14 with a biogas yield of 60-percent methane gas [10, 14, 25].
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Table 19—Methane: Potential value of gas as a substitute for natural or LP gas’

. Natural gas LP gas
ar'?j%fa“t . 1980 1985 1990 1980 1985 1990
Price? Value Price? Value Price? Value Price® Value Price3 Value Price® Value
$/MMBtu  $ million $/MMBtu  $ million $/MMBtu  $ million Cents/gal  § million Cents/gal  $ million Cents/gal  $ million
Southeast:
Alabama 4.11 6.3 8.47 13.8 10.77 17.6 62.67 10.1 96.20 16.5 122.52 21.1
Florida 4.53 12.7 9.33 26.1 11.87 34.0 78.83 23.2 121.00 35.7 154.11 46.5
Georgia 4.06 129 8.36 26.2 10.64 33.3 66.75 22.3 102.46 33.8 130.50 43.0
South Carolina 412 4.4 8.48 9.0 10.79 12.3 68.33 7.6 104.89 118 133.59 16.0
Total 4.23 36.3 8.71 75.1 11.08 97.2 70.16 63.2 107.70 97.8 137.16 126.6
Delta States: |
Arkansas 2.31 4.2 476 9.0 6.05 12.0 63.67 121 97.73 19.4 124.47 26.1
Louisiana 3.06 2.7 6.30 5.1 8.02 6.5 70.42 6.5 108.09 9.3 137.67 11.8
Mississippi 3.38 3.9 6.96 7.4 8.86 9.1 67.42 8.1 103.49 116 131.81 14.2
Total 2.80 10.8 5.79 215 7.34 27.6 66.33 26.7 101.82 40.3 129.68 52.1
Appalachian:
Kentucky 3.08 54 6.34 10.8 8.07 13.3 63.50 1.7 97.47 17.4 124.14 21.6
North Carolina 4.00 1.4 8.24 24.4 10.48 316 63.42 19.1 97.35 30.4 123.99 39.3
Tennessee 2.94 5.3 6.06 10.6 7.70 13.6 70.00 13.2 107.45 199 136.85 25.5
Virginia 4.24 6.8 8.73 13.4 11.11 18.6 66.58 113 102.20 16.5 130.16 22.9
West Virginia 3.61 7 7.42 1.5 9.43 1.9 66.58 1.4 102.20 2.2 130.16 2.8
Total 3.61 29.6 7.42 60.7 9.43 79.0 63.91 56.7 98.10 86.4 124.94 112.1
Regional total 3.72 76.7 7.66 © 1573 9.75 203.8 ' 66.96 146.6 102.78 T 2245 130.91 290.8
U.S. total 3.61 632.6 7.42 1,316.2 9.43 1,692.2 61.90 1,141.7 95.02 1,774.3 121.01 2,285.8
Regional total Percent
as percentage
of U.S. total — 12.1 —_ 12.7 — 12.0 — 12.8 s 12.7 — 12.7

— =Not applicable.

Based on volume data from table 18, with 95 cubic feet of methane gas (or natural gas) equivalent in Btu content to 1 galion of LP gas. One gallon of LP gas yields 95,000 Btu,
and 1 cubic foot of natural gas or methane gas yields 1,000 Btu. Includes energy from economically recoverable manure from dairy cows, hogs, feedlot beef, and laying hens.

2Based on average residential gas rates by State for 1980 [7] and projected U.S. prices for 1985 and 1990 [2]. Prices for individual States assumed to increase from 1980 at
same percentage rate as projected U.S. average prices. Regional prices are weighted averages.

3Based on prices paid by farmers by State for 1980 [36] and projected U.S. prices for 1985 and 1990. Prices for individual States assumed to increase from 1980 at same
percentage rate as projected U.S. average prices. Regional prices are weighted averages.



Energy Potential from Livestock and Poultry Wastes in the South

produced in the region in 1990 would therefore be
$203.8 million if substituted for natural gas and
$290.8 million if substituted for LP gas (table 19).
The divergence between the value of these two types
of conventional fuels is thus expected to narrow by
1990.

Electricity Production

The electricity production potential from methane
gas from anaerobic digestion for the region would
be 1,810 gigawatthours in 1980 with 43 percent of
this energy derived from dairy cow enterprises, 32
percent from laying hens, 21 percent from hogs, and
4 percent from fed beef (table 20). This production
potential was 11.8 percent of the total potential out-
put of electricity from these types of enterprises in
the United States in 1980. Major producing States
in the region were Georgia, North Carolina, and
Florida, which accounted for 43 percent of the elec-
tricity potential in the region. However, production
could occur throughout the region except for West
Virginia, which had a relatively small number of
livestock and poultry farms. The projected levels of
electricity production for the South for 1985 and
1990 show only very slight increases from 1980
levels.

The potential value of this electricity depends on
the electrical power rates in the various States. In
1980, these prices varied from a low of 3.5 cents per
kilowatthour in Tennessee to 5.9 cents in Florida.
For the region as a whole, electric power rates were
4.7 cents per kilowatthour, resulting in a value of
$85.3 million for the electricity potential from meth-
ane gas in 1980 (table 21). States with the highest
potential values were Florida, Georgia, and North
Carolina. With higher price levels projected for
electricity in the eighties, the potential value of
electricity from methane gas production in the
South will increase substantially to $173 million in
1990 (table 21). However, the values for electricity
in 1985 and 1990 will still be substantially lower
than using the methane gas as a direct substitute
for natural or LP gas. In 1990, for example, the
highest value use for methane gas would be $290.8
million when used as a replacement for LP gas, $203.8
million when replacing natural gas, and $178 million
when used to generate electricity.

Direct Burning of Litter

The economically recoverable thermal energy
potential from burning litter and manure from broil-
er, turkey, and pullet enterprises in the South was
43.7 trillion Btu in 1980, with 82 percent of this
energy derived from broiler farms, 14 percent from
turkey farms, and 4 percent from pullet growers
(table 22). This production was 60.8 percent of the
total potential thermal energy output from these
types of enterprises in the United States in 1980.

Major producing States in the region were Arkan-
sas, North Carolina, Georgia, and Alabama, which
accounted for 74 percent of the energy from direct
burning of manure and litter in the region. How-
ever, energy from direct burning was generally
available throughout the region except for Ken-
tucky, Tennessee, and West Virginia, which had a
relatively small number of poultry farms. Projected
levels of thermal energy potential from direct burn-
ing of poultry manure in the South show significant
increases in the eighties, rising to 58.6 trillion Btu

in 1990 (table 22).

The potential value of energy from poultry litter
and manure depends on whether it is used to replace
wood shavings or chips for direct burning or as a
substitute for LP gas. LP gas is the most common
fuel used on southern poultry farms, but wood fuels
are being used on some farms. Energy from burning
wood residues would have a much lower value than
conventional fuels such as LP gas. If the poultry lit-
ter were used as a substitute for wood shavings,
the value of the thermal energy produced in the
region in 1980 would be $63.8 million, compared
with $301.1 million if used to replace LP gas (table
23). Values for other conventional fuels such as
natural gas would fall between these levels. In 1985
and 1990, however, these values are expected to in-
crease substantially due to higher prices for all
types of fuels. The potential value of poultry litter
used to replace softwood shavings in the South would
be $171.2 million in 1990 given the price projections
used in this study; the value for litter used as a
substitute for LP gas would be $789.5 million in
1990 (table 23).
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Table 20—Electricity: Quantity of economically recoverable energy from anaerobic digestion of animal and poultry manure’

Region Dairy Fed beef Hogs and pigs Laying hens Total
and State 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
Gigawatthours
Southeast:
Alabama 31.6 31.6 31.6 10.3 12.6 126 24.6 25.2 258 68.5 738 738 135.0 143.2 143.8
Florida 110.7 110.7 110.7 30.0 29.5 30.0 104 111 11.1 94.9 94.9 100.1 246.0 246.2 2519
Georgia 738 73.8 73.8 10.6 10.6 10.6 68.2 70.0 74.4 126.5 121.2 115.9 2791 275.6 274.7
South Carolina 26.4 26.4 26.4 3.5 3.5 3.5 20.9 215 227 422 42.2 47.4 93.0 93.6 100.0
Total 2425 2425 2425 54.4 56.2 56.7 1241 127.8 134.0 3321 332.1 337.2 753.1 758.6 770.4
Delta States:
Arkansas 36.9 36.9 36.9 25 3.8 3.8 30.1 35.0 39.3 89.5 89.6 94.9 159.1 165.3 1749
Louisiana 63.2 58.0 58.0 4 4 A4 25 25 2.5 105 10.5 10.5 76.6 714 714
Mississippi 52.7 47.4 47.4 4.7 3.2 4.7 111 11.0 17 316 31.6 26.4 100.1 93.2 90.2
Total 152.8 142.3 124.3 7.6 7.4 8.9 43.7 48.5 53.5 131.7 1318 131.8 335.8 329.9 336.5
Appalachian:
Kentucky 105.4 100.1 94.9 1.5 1.8 1.8 36.3 36.9 38.1 10.5 10.5 10.5 153.7 149.3 145.3
North Carolina 738 68.5 63.2 1.7 1.7 1.7 118.0 127.2 136.5 58.0 63.2 63.2 251.5 260.6 264.6
Tennessee 100.1 100.1 100.1 3.6 4.8 4.8 27.0 28.2 29.5 26.4 21.0 21.0 157.1 154.1 155.4
Virginia 89.6 89.6 89.6 19 18 1.9 28.9 314 34.4 21.1 21.0 21.9 1415 143.9 147.0
West Virginia 15.8 15.8 15.8 4 4 4 1.2 1.2 1.2 5 5 5 17.9 179 17.9
Total 384.7 3741 363.6 9.1 10.5 10.6 211.4 2249 239.7 116.5 116.3 116.3 721.7 725.8 730.2
Regional total 780.0 758.9 748.4 711 741 76.2 379.2 401.2 427.2 580.3 580.1 585.3 1,810.6 1,814.3 1,8371
U.S. total 5,555 5,334 5,107 5,752 6,111 6,461 2,406 2,483 2,561 1,681 1,654 1,634 15,393 15,582 15,763
Regional total Percent
as percentage
of U.S. total 14.0 14.2 14.7 12 1.2 12 15.8 16.2 16.7 345 35.1 35.8 11.8 11.6 11.7

'Based on data from tables 11 to 14.
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Table 21—Electricity: Potential value of energy from anaerobic digestion of animal and poultry manure'

Region 1980 1985 1990
and State Electricity? Price3 Value Electricity? Priced Value Electricity? Price3 Value
gWh Cents/kWh $ million gWh Cents/kWh $ million gWh Cents/kWh $ million
Southeast:
Alabama 135.0 5.1 6.9 143.2 8.8 12.6 143.8 10.2 147
Florida 246.0 5.9 14.5 246.2 10.1 249 2419 11.8 29.7
Georgia 2791 4.7 13.1 275.6 8.1 22.3 274.7 94 25.8
South Carolina 93.0 4.6 4.3 93.6 7.9 7.4 100.0 9.2 9.2
Total 753.1 5.2 38.8 758.6 8.9 67.2 770.4 10.3 79.4
Delta States:
Arkansas 159.1 4.8 76 165.3 8.3 13.7 174.9 9.6 16.8
Louisiana 76.6 4.3 3.3 71.4 7.4 5.3 71.4 8.6 6.1
Mississippi 100.1 4.7 4.7 93.2 8.1 7.5 90.2 9.4 8.5
Total 335.8 46 15.6 329.9 8.0 26.5 335.6 94 314
Appalachian:
Kentucky 153.7 4.0 6.1 149.3 6.9 10.3 145.3 8.0 116
North Carolina 2515 4.5 11.3 260.6 77 20.1 264.6 9.0 23.8
Tennessee 157.1 35 5.5 154.1 6.0 9.2 155.4 70 10.9
Virginia 141.5 5.1 7.2 143.9 8.8 12.7 140.7 10.2 144
West Virginia 17.9 4.3 .8 17.9 7.4 1.3 179 8.6 15
Total 721.7 4.3 30.9 725.8 7.4 53.6 730.2 8.5 62.2
Regional total 1,810.6 4.7 85.3 1,814.3 8.1 147.3 1,837.1 9.4 173.0
U.S. total 15,393.4 4.7 723.5 15,582.1 8.1 1,262.2 15,762.7 9.4 1,481.7
Regional total Percent
as percentage
of U.S. total 11.8 — 11.8 11.6 - 11.7 11.7 — 11.7

—=Not applicable.

TIncludes energy from economically recoverable manure from dairy, hogs, feedlot beef, and laying hen enterprises.

2Based on data from table 20.

3Based on prices paid by farmers by State for 1980 [36] and projected U.S. prices for 1985 and 1990 [40]. Prices for individual States assumed to increase from 1980 at same
percentage rate projected as U.S. average prices. Regional prices are weighted averages.
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Table 22— Direct burning: Quantity of economically recoverable thermal energy from poultry litter and manure’

Region Broilers Turkeys Pullets Total
and State 1980 1985 1990 1980 1985 1990 1980 1985 1990 1980 1985 1990
Billion Btu
Southeast:
Alabama 6,202 7,196 8,187 — — — 237 250 256 6,439 7,446
Florida 1,139 1,384 1,629 — — —_ 250 240 227 1,389 1,624
Georgia 7,196 8,131 9,066 222 277 333 371 346 314 7,789 8,754
South Carolina 540 622 703 381 438 495 131 134 141 1,052 1,194
Total 15,077 17,333 19,585 603 715 828 989 970 938 16,669 19,018
Delta States:
Arkansas 8,045 9,694 11,342 1,561 1,951 2,342 387 403 426 9,993 12,048
Louisiana 1,307 1,614 1,921 — —_ — 22 22 22 1,329 1,636
Mississippi 3,570 4,160 4,750 — — — 154 144 134 3,724 4,304
Total 12,922 15,468 18,013 1,561 1,951 2,342 563 569 582 15,046 17,988
Appalachian:
Kentucky 31 31 31 —_ — —_ 19 19 19 50 50
North Carolina 4,956 5,675 6,394 2,698 3,373 4,048 234 247 259 7,888 9,295
Tennessee 794 886 976 — —_ — 51 42 42 845 928
Virginia 1,618 1,958 2,297 963 1,204 1,445 86 90 90 2,667 3,252
West Virginia 271 324 379 243 291 340 3 3 3 517 618
Total 7,670 8,874 10,077 3,904 4,868 5,833 393 401 413 11,967 14,143
Regional total 35,669 41,675 47,675 6,068 7,534 9,003 1,945 1,940 1,933 43,682 51,149
U.S. total 50,021 58,274 66,528 17,337 20,978 24,586 4,488 4,501 4,491 71,846 83,753
Percent
Regional total
as percentage
of U.S. total 713 715 7.7 35.0 359 36.6 43.4 431 43.1 60.8 61.1

— =Data for certain States not available.
1Based on data from tables 15 to 17. Reflects 11 to 12 million Btu per ton of manure and litter dry weight.
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Table 23— Direct burning: Potential value of thermal energy from poultry litter and manure as a substitute for softwood shavings or LP gas’

Softwood shavings LP gas
Region 1980 1985 1990 980
and State 1 1985 1990
Price? Value Price? Value Price? Value Price3 Value Price? Value Price3 Value
$/MMBtu 8 million $/MMBtu  $ million $/MMBtu  $ million Cents/gal $ million Cents/gal  $ million Cents/gal  $ million
‘Southeast:
Alabama 1.46 9.4 1.95 14.5 2.92 24.6 62.67 425 96.20 75.4 122.52 108.9
Florida 1.46 241 1.95 3.2 2.92 5.5 78.83 11.6 121.00 20.7 154.11 30.1
Georgia 1.46 11.3 1.95 17.2 2.92 28.4 66.75 54.8 102.46 94.4 130.50 133.4
South Carolina 1.46 16 1.95 2.4 2.92 3.9 68.33 75 104.89 13.2 133.59 18.9
Total 1.46 24.4 1.95 37.3 2.92 62.4 70.16 116.4 107.70 203.7 137.16 291.3
Delta States:
Arkansas 1.46 14.6 1.95 23.5 2.92 411 63.67 67.0 97.73 123.9 124.47 184.9
Louisiana 1.46 1.9 1.95 341 2.92 5.7 70.42 9.9 108.09 18.6 137.67 28.1
Mississippi 1.46 5.4 1.95 8.4 2.92 14.3 67.42 26.4 103.49 47.0 131.81 67.8
Total 1.46 21.9 1.95 35.0 2.92 61.1 66.33 103.3 101.82 189.5 129.68 280.8
Appalachian:
Kentucky 1.46 A 1.95 A 2.92 2 63.50 3 97.47 5 124.14 .6
North Carolina 1.46 11.4 1.95 18.2 2.92 31.3 63.42 52.7 97.35 95.3 123.99 139.7
Tennessee 1.46 1.3 1.95 1.8 2.92 29 70.00 6.3 107.45 10.5 136.85 14.7
Virginia 1.46 3.9 1.95 6.3 2.92 11.2 66.58 18.6 102.20 35.1 130.16 52.5
West Virginia 1.46 .8 1.95 1.2 2.92 2.1 66.58 35 102.20 6.6 130.16 9.9
Total 1.46 17.5 1.95 27.6 2.92 47.7 63.91 81.4 98.10 148.0 124.94 217.4
Regional total 1.46 63.8 1.95 99.9 2.92 171.2 66.96 301.1 102.78 541.2 130.91 789.5
U.S. total 1.46 104.9 1.95 163.3 2.92 279.2 61.90 468.1 95.02 837.7 121.01 1,217.8
Regional total Percent
as percentage
of U.S. total — 60.8 — 61.2 — 61.3 — 64.3 — 64.6 — 64.8

— =Not applicable.

Based on thermal energy data from table 22. One gallon of LP gas yields 95,000 Btu, and 1 ton of softwood shavings yields 11.4 MMBtu [5]. Includes energy from economically
recoverable litter and manure from broilers, turkeys, and pullets.

?Based on shavings prices of $16.70 per ton delivered or $1.46 per MMBtu usable energy in 1980 [5]; projected prices of $25.05 per ton or $1.95 per MMBtu usable energy in
1985, and $33.40 per ton or $2.92 per MMBtu usable energy in 1990. Regional prices are weighted averages.

3Based on prices paid by farmers by State for 1980 [36] and projected U.S. prices for 1985 and 1990. Prices for individual States assumed to increase from 1980 at same
percentage rate as projected U.S. average prices. Regional prices are weighted averages.
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Total Thermal Energy Production

The total economically recoverable thermal energy
potential from livestock and poultry manure in the
South was 64.3 trillion Btu in 1980, with 55.4 per-
cent of this energy derived from broilers, 13.8 per-
cent from dairy cows, 10.4 percent from laying
hens, 9.4 percent from turkeys, 6.7 percent from
hogs, 3 percent from pullets, and 1.3 percent from
fed beef (table 24 and fig. 2). This energy potential
was based on methane gas production from the dairy,
beef, hog, and laying hen enterprises, and direct
burning of litter and manure from broiler, turkey,
and pullet enterprises. Total energy production
from this region was 26 percent of the total poten-
tial output from these types of enterprises in the
United States in 1980. Major producing States in

the region were Arkansas, Georgia, North Carolina,
and Alabama, which accounted for 64 percent of the
thermal energy potential in the region. However,
other States also had significant energy potential
except for West Virginia, which had relatively few
livestock and poultry enterprises large enough to
use modern biomass energy conversion technologies.

The economically recoverable thermal energy po-
tential from these enterprises in the South in 1985
was projected to be 71.8 trillion Btu with most of
the increase from 1980 due to expected increases in
numbers of broilers and turkeys (table 25 and fig.
2). A slight increase in number of hogs is also ex-
pected by 1985, which will increase their potential
energy output. Dairy cow numbers are projected to
decline somewhat. Fed cattle numbers are expected

Table 24—Thermal energy: Potential quantity of economically recoverable energy from animal and poultry manure

and litter, 1980°

Region

and State Dairy Beef Hogs ~Layers Broilers Turkeys Pullets Total
Billion Btu
Southeast:
Alabama 360 117 280 780 6,202 — 237 7,976
Florida 1,260 341 119 1,080 1,139 — 250 4,189
Georgia 840 121 776 1,440 7,196 222 371 10,966
South Carolina 300 40 238 480 540 381 131 2,110
Total 2,760 619 1,413 3,780 15,077 603 989 25,241
Delta States:
Arkansas 420 28 343 1,020 8,045 1,561 387 11,804
Louisiana 720 5 28 120 1,307 — 22 2,202
Mississippi 600 54 126 360 3,570 — 154 4,864
Total 1,740 87 497 1,500 12,922 1,561 563 18,870
Appalachian:
Kentucky 1,200 17 413 120 31 — 19 1,800
North Carolina 804 19 1,343 660 4,956 2,698 234 10,750
Tennessee 1,140 41 308 300 794 — 51 2,634
Virginia 1,020 22 329 240 1,618 963 86 4,278
West Virginia 180 5 14 6 271 243 3 722
Total 4,380 104 2,407 1,326 7,670 3,904 393 20,184
Regional total 8,880 810 4,317 6,606 35,669 6,068 1,945 64,295
U.S. total 63,240 65,477 27,386 19,140 50,021 17,337 4,488 247,089
Percent
Regional total
as percentage
of U.S. total 14.0 1.2 15.8 345 71.3 35.0 434 26.0

— =Data not available.
'Data from tables 11 to 17. Based on methane gas production from dairy, beef, hogs, and laying hens, and direct burning of litter and

manure from broilers, turkeys, and pullets. Includes manure from only larger farms. Pasture and handling losses deducted.
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to increase slightly. Little change is expected for
laying hen and pullet energy potential from 1980 to
1985 due to little or no change expected in the num-
ber of birds on farms. These trends are projected to
continue throughout the eighties, thereby increas-
ing the potential economically recoverable thermal
energy in the region to 79.5 trillion Btu in 1990
(table 26). Broiler enterprises will then account for
59.9 percent of the thermal energy potential, tur-
keys for 11.3 percent, dairy cows for 10.7 percent,
laying hens for 8.4 percent, hogs for 6.1 percent,
pullets for 2.4 percent, and beef for 1.1 percent.
The four major producing States in the region are
projected to increase their share of potential en-
ergy output in the region to 66.3 percent in 1990.
The South is projected to increase its share of the
total thermal energy potential from these types of
enterprises in the United States to nearly 30 per-
cent by 1990.

The potential value of this thermal energy depends
on whether it is used to replace natural gas, LP
gas, electricity, or wood fuels. The energy values
for dairy, fed beef, hogs, and laying hen enterprises
are based on anaerobic digestion of manure which

Figure 2

produces methane gas that can be used as a sub-
stitute for natural gas or LP gas. Or, the methane
gas can be used to generate electricity. The energy
values for broiler, turkey, and pullet enterprises
are based on direct combustion of manure and lit-
ter. The lowest use values for energy from all seven
of these enterprises in the South would be $344.2
million in 1990 (table 27). In all enterprises with
anaerobic digestion processes, the lowest use values
were derived from electrical power generation, ex-
cept for Kentucky in 1980 and the Delta States in
1985 where natural gas was the lowest value sub-
stitute. The lowest use values for enterprises using
direct burning of litter were based on softwood
shavings prices. The highest use values for energy
from these seven enterprises are projected to be
$1.08 billion in 1990 (table 27). In all cases, the
highest values were based on methane gas or direct
burning of litter as a substitute for LP gas.

Data in table 27 indicate a wide range of potential
economic value from use of biomass energy from
livestock and poultry manure. The highest use val-
ues are over three times greater than the lowest
use values. Market values if this energy were sold

Economically Recoverable Thermal Energy from Livestock and Poultry Manure and Litter, Southern

Region, 1980, with Projections for 1985 and 19901
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to other potential markets would be even more vari-
able, although market values would probably be some-
what lower than the use values. The total potential
economic value for biomass energy from these enter-
prises in the South will therefore range from $148.5
million at the lowest value in 1980 to as high as
$1.08 billion in 1990. For the United States as a
whole, these values will range from $828 million in
1980 to $3.5 billion in 1990. With the lowest use
values, the South will provide 17.9 to 19.5 percent
of the total energy potential value from livestock
and poultry wastes in the United States. With the
highest use values, the South will provide 27.8 to
30.8 percent of the U.S. total.

Comparative Fertilizer and Feed Values of Manure

Most livestock and poultry manure in the South is
now spread on land as a fertilizer supplement,
although some litter-based manure and dry waste
combinations are used for livestock feed. Even
though the plant nutrient values of livestock and
poultry manure vary greatly by species and by the
condition of the manure, land application is the
most common method of using wastes from confined
operations, accounting for 75 percent or more of the
manure and litter produced in the South in the sev-
enties [45]. Given the plant nutrient values existing
in the early eighties, the potential fertilizer value of

Table 25—Thermal energy: Potential quantity of economically recoverable energy from animal and poultry manure

and litter, 1985'

ar?g gs‘?ar;e Dairy Beef Hogs Layers Broilers Turkeys Pullets Total
Billion Btu
Southeast:
Alabama 360 143 287 840 7,196 — 250 9,076
Florida 1,260 336 126 1,080 1,384 — 240 4,426
Georgia 840 121 797 1,380 8,131 277 346 11,892
South Carolina 300 40 245 480 622 438 134 2,259
Total 2,760 640 1,455 3,780 17,333 715 970 27,653
Delta States:
Arkansas 420 43 399 1,020 9,694 1,951 403 13,930
Louisiana 660 5 28 120 1,614 — 22 2,449
Mississippi 540 36 126 360 4,160 — 144 5,366
Total 1,620 84 553 1,500 15,468 1,951 569 21,745
Appalachian:
Kentucky 1,140 20 420 120 31 — 19 1,750
North Carolina 780 19 1,448 720 5,675 3,373 247 12,262
Tennessee 1,140 55 322 240 886 — 42 2,685
Virginia 1,020 20 357 240 1,958 1,204 90 4,889
West Virginia 180 4 14 6 324 291 3 822
Total 4,260 118 2,561 1,326 8,874 4,868 401 22,408
Regional total 8,640 842 4,569 6,606 41,675 7,534 1,940 71,806
U.S. total 60,720 69,568 28,263 18,840 58,274 20,978 4,501 261,144
Percent
Regional total
as percentage
of VU.S. total 14.2 1.2 16.2 35.1 71.5 35.9 43.1 275

— =Data not available.
'Data from tables 11 to 17. Based on methane gas production from dairy, beef, hogs, and laying hens, and direct burning of litter and

manure from broilers, turkeys, and pullets. Includes manure from only larger farms. Pasture and handling losses deducted.
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the economically recoverable livestock and poultry
manure in the South was $240 million in 1980 (table
28). This fertilizer value is substantially greater
than the lowest energy use value of this manure in
1980 ($148.5 million), but it is substantially less than
the highest use value for energy ($447.7 million)
(table 27). Fertilizer values are also greater than
the lowest use energy values for 1985 and 1990, but
this margin in favor of fertilizer use is expected to
gradually decline due to the more rapid increases in
energy prices projected for the eighties. The high-
est use energy values (LP gas) in 1985 and 1990 are
therefore projected to be substantially greater than
fertilizer values by amounts of $449.8 million in
1985 and $679.9 in 1990.

Manure and litter can also be used as an ingredient
in animal and poultry feeds. Poultry litter or dried

manure from caged layers has a significant nutri-
tional value, particularly for feeding ruminants [8,
19]. This manure is high in crude protein which can
replace soybean meal in various feed rations. The
high roughage content of litter is also a good fiber
source. Because of lack of standardization in feed-
mixing formulas and the possibility of residue con-
tamination, use of animal and poultry manure for
feed has not become well established. The most
common practices involve feeding broiler litter mix-
tures to beef cattle. However, potential values for
manure and litter when used for livestock and poul-
try feed are typically twice as great as when used
for fertilizer (table 28). Animal feed use is therefore
more competitive with the potential energy values
from poultry manure, and animal feed values were
actually somewhat higher than the highest use en-
ergy value for 1980. However, higher projected in-

Table 26—Thermal energy: Potential quantity of economically recoverable energy from animal and poultry manure

and litter, 1990’

Region

and State Dairy Beef Hogs Layers Broilers Turkeys Pullets Total
Billion Btu
Southeast: ‘
Alabama 360 143 294 840 8,187 — 256 10,080
Florida 1,260 341 126 1,140 1,629 — 227 4,723
Georgia 840 121 847 1,320 9,066 333 314 12,841
South Carolina 300 40 259 540 703 495 141 2,478
Total 2,760 645 1,526 3,840 19,585 828 938 30,122
Delta States:
Arkansas 420 43 448 1,080 11,342 2,342 426 16,101
Louisiana 660 5 28 120 1,921 — 22 2,756
Mississippi 540 54 133 300 4,750 — 134 5,911
Total 1,620 102 609 1,500 18,013 2,342 582 24,768
Appalachian:
Kentucky 1,080 20 434 120 31 — 19 1,704
North Carolina 720 19 1,653 720 6,394 4,048 259 13,713
Tennessee 1,140 55 336 240 976 — 42 2,789
Virginia 1,020 22 392 240 2,297 1,445 90 5,506
West Virginia 180 5 14 6 379 340 3 927
Total 4,140 121 2,729 1,326 10,077 5,833 413 24,639
Regional total 8,520 868 4,864 6,666 47,675 9,003 1,933 79,529
U.S. total 58,140 73,549 29,159 18,600 66,528 24,586 4,491 275,053
Percent
Regional total
as percentage
of U.S. total 14.7 1.2 16.7 35.8 71.7 36.6 43.1 28.9

— =Data not available.
'Data from tables 11 to 17. Based on methane gas production from dairy, beef, hogs, and laying hens, and direct burning of litter and
manure from broilers, turkeys, and pullets. Includes manure from only larger farms. Pasture and handling losses deducted.
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creases in energy prices in the eighties indicate a
somewhat greater advantage for energy use values
in 1985 and 1990 when compared with animal feed
values.

Anaerobic digestion leaves a residue that can also
be used as a fertilizer or animal feed ingredient, al-
though the plant nutrient or feed values of this resi-
due are highly variable [14]. Therefore, the total
value of wastes from enterprises using anaerobic di-
gestion processes will be increased if these residues
can be effectively used. In addition to energy values
ranging from $203.8 to $290.8 million in 1990, the

potential value of residues that could be used for
fertilizer could be as high as $163.8 million in 1990.
Potential animal feed values of these residues
would be even higher, ranging up to $327.6 million
in 1990 if all residues could be salvaged and used.
However, not all manure residues may be suitable
for animal feeding due to possible regulatory

restrictions and handling considerations. Use of
these residues for animal feeding is not common,
but some farms do it. Other uses for residues are
possible, but none are widespread. Nevertheless,
use of these residues would greatly enhance the
economic potential of biomass energy from livestock
and poultry enterprises.

Table 27—Thermal energy: Potential total value of thermal energy from anaerobic digestion or direct combustion of

animal and poultry manure and litter

Region
and State Lowest use value? Highest use value?
1980 1985 1990 1980 1985 1990
Mrillion dollars
Southeast:
Alabama 16.3 271 39.3 52.6 91.9 130.0
Florida 16.6 28.1 35.2 34.8 56.4 76.6
Georgia 24.4 39.5 54.2 771 128.2 176.4
South Carolina 5.9 9.8 13.1 15.1 25.0 34.9
Total 63.2 104.5 141.8 179.6 301.5 417.9
Delta States:
Arkansas 22.2 325 57.9 79.1 143.3 211.0
Louisiana 5.2 8.2 11.8 16.4 27.9 39.9
Mississippi 10.1 15.8 22.8 34.5 58.6 82.0
Total 37.5 56.5 925 130.0 229.8 3329
Appalachian: )
Kentucky 5.6 10.4 11.8 12.0 17.9 22.2
North Carolina 22.7 38.3 55.1 71.8 125.7 179.0
Tennessee 6.8 11.0 13.8 19.5 30.4 40.2
Virginia 111 19.0 25.6 29.9 51.6 75.4
West Virginia 1.6 2.5 3.6 4.9 8.8 12.7
Total 47.8 81.2 109.9 138.1 234.4 329.5
Regional total 148.5 247.2 344.2 447.7 765.7 1,080.3
U.S. total 827.8 1,420.5 1,760.9 1,609.8 2,612.0 3,503.8
Percent
Regional total
as percentage
of U.S. total 17.9 17.4 19.5 27.8 29.3 30.8

"Thermal energy totals from tables 24 to 26. Values are based on anaerobic digestion of manure from dairy, fed beef, hogs, and lay-
ing hen enterprises, and direct combustion of manure and litter from broiler, turkey, and pullet growing enterprises.
2Lowest use values for enterprises using anaerobic digestion are from electrical power generation (table 21) except for Kentucky in
1980 and the Delta States in 1985 where natural gas was the lowest value substitute (table 19). Lowest use values for enterprises using
direct burning of litter are based on softwood shavings prices (table 23).
3Highest use values for energy produced by all enterprises are based on methane gas or direct burning of litter and manure as a sub-

stitute for LP gas (tables 19 and 23).
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Table 28—Potential fertilizer and feed value of economically recoverable animal and poultry manure and litter!

Region
and State Fertilizer value? Animal feed value3
1980 1985 1990 1980 1985 1990
Million dollars
Southeast:
Alabama 26.00 35.10 45.50 52.50 70.20 91.00
Florida 19.50 23.40 31.85 39.00 46.80 63.70
Georgia 39.00 50.70 63.70 78.00 101.40 127.40
South Carolina 9.75 11.70 13.65 19.50 23.40 27.30
Total 94.25 120.90 154.70 188.50 241.80 309.40
Delta States:
Arkansas 39.00 54.60 72.80 78.00 109.20 145.60
Louisiana 9.75 11.70 13.65 19.50 23.40 27.30
Mississippi 16.25 23.40 27.30 32.50 46.80 54.60
Total 65.00 89.70 113.75 130.00 179.40 227.50
Appalachian:
Kentucky 9.75 11.70 13.65 19.50 23.40 27.30
North Carolina 39.00 50.70 63.70 78.00 101.40 127.40
Tennessee 13.00 15.60 18.20 26.00 31.20 36.40
Virginia 16.25 23.40 31.85 32.50 46.80 63.70
West Virginia 3.25 3.90 4.55 6.50 7.80 9.10
Total 81.25 105.30 131.95 162.50 210.60 263.90
Regional total 240.50 315.90 400.40 481.00 631.80 800.80
U.S. total 1,2156.50 1,505.40 1,810.90 2,431.00 3,010.80 3,621.80
Percent
Regional total
as percentage
of U.S. total 19.8 21.0 22.1 19.8 21.0 22.1

'Economically recoverable manure and litter volumes from tables 11 to 17.
2Based on plant nutrient values of $32.50 per ton dry weight for manure and litter in 1980 [79, 31]and prOJected values of $39 per ton
in 1985 and $45.50 per ton in 1990.
3Based on animal feed values of $65 per ton dry weight for manure and litter in 1980 [8, 19] and projected values of $78 per ton in 1985

and $91 per ton in 1990.
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